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1.0 SCOPE OF THE INVESTIGATION

The motivation behind the research described in this report is to

enhance the digital designer ’s capabilities by producing more powerful

design tools. Digital logic design has progressed to the point that

the operation of the logic can be functionally expressed by a variety

of hardware descriptive languages , ISP being one of the more widely

used ones. Functional simulators exist and are useful for verifying

system operation and performance measurements (Barb77a) . Thus , the

state of the art in digital design is such that the next addition to

design aids should be synthesis, a program that can design the

STRUCTURE of a digital system , given its FUNCTION or BEHAVIOR as

input. Along with the synthesis of hardware comes the problem of

producing optimal or near optimal designs to meet the design

constraints. The research reported on here is aimed at understanding

the design or synthesis process so that it can be automated . One of

the goals of this project is to produce logic—level hardware designs

from ISP descriptions in a non—optimal fashion to better understand

automated design. (A parallel goal of related research by the same

group is to develop discrete optimization algorithms and technique to

be applied in a more complex and powerful package.

Unfortunately , the area of I/O interface and bus design is not as

well organized or developed as digital design. In order to produce

design aids for this kind of problem , much more background effort has

been necessary. First of all, specification of bus and I/O operation

is a different , more difficult problem than logic description .

I
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r
2

Second , simulation is more complex due to timing dependencies which

affect the logical operation of the interfaces to I/O and buses. So,

in order to automate interface design , the remaining effort on this

grant has been aimed at the problem of I/O interface and bus

description . The goal here has been to produce a language suitable

for I/O description and simulation , with the automation of complex

interface design a more distant goal. At the same time , the synthesis

programs described above have been constructed so that reasonable ,

simple interfaces to the hardware being designed can be specified and

included in the design.

In the course of pursuing the above goals, some other areas have

been investigated . These include the specification of a module set

data base for interface designs, the comparison of the interface

specification language (GLIDE) with ISPL, and the description and

simulation of microcode execution for a number of processors. In the

area of I/O design , some further specifications of a general-purpose

programmable I/O processor were produced , and a programmable FIFO

buffer chip design was investigated . Publications and technical

reports in these areas are listed in Section 3.
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2.0 SUMMARY OF RESULTS

We are presenting here two main research results — the GLIDE

language , anO a working synthesis program , the data—memory allocator.

Related conclusions and results are also briefly enumerated .

2.1 The GLIDE Language

A summary of the GLIDE language progress is presented here.

Since the complete language has not been published elsewhere , a

pre—publication report is attached as Appendix I. The GLIDE language

has now been completely specified , and a compiler supports the

language. Early effort went into the comparison of GLIDE and ISPL,

and this work produced a compiler which translated GLIDE into ISPL.

The result of this was a better understanding of the limitations of

ISPL , and the introduction of the PROCESS concept in the ISPS language

and simulator. By PROCESS we mean the set of register—transfer

operations which exist in a control environment independent from the

control environment of other operations. In addition , timing

capabilities were added to the ISPS simulator. Some of the GLIDE

control structures could not be translated accurat ely into ISPL , and

some primitive GLIDE operations expanded into large blocks of ISPL

code. In particular , the GLIDE memory construc ts include FIFO queues

and associat ive memories , which expand into long routines when

translated to ISP!... Also , the semantics of GLIDE contain the notion

of synchronous data I/O , which cannot be described in ISPL. Other

Primitive operations which translate to routines include parity bit

generat ion and checking, data formatt ing , and packIng and unpacking of 

~~~~~•~~~~~~~~~~~~~ ---•~~~~~ -- — - • • _ •
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words. The major conclusion to be drawn from the comparison is that

GLIDE and ISP are different languages for describing different

entities, and that the problems with I/O description force the

existance of’ both languages — GLIDE for I/O and ISP for digital

systems.

The maor output of the GLIDE effort so far is two partial bus

descriptions — the military computer GYK/12 I/O bus and the PDP—11

UN IBU S~~. The UNIBUS description is attached as Appendix II. Three

main conclusions can be drawn from these two examples. First, the

control structures for nesting PROCESSES have some undefined

semantics , and it is not obvious the effect the PROCESS priority

structure should have on the execution of a GLIDE program . Second ,

the control structures inside processes are not block structured , and

hence unwieldy . However , the descriptions seem to accurately reflect

the logical operation of’ the two buses, and therefore , the language ~s

viable for bus and I/O description . (Attempts to describe the UNIBUS

with ISPL and ISPS have not resulted in complete descriptIons).

Efforts are underway to validate the GLIDE UNIBUS description .

2.2 Design Automation

In order to discuss the results of the design automation effort ,

an overview of the RT—CAD (Register—Transfer level

Computer—Aided—Design) system is presnted here. This overview was

originally published in (Snow78a).

- — -~..—.-— ~~~~~~—-- • —_----- • . -•-
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RT—CAD OVERVIEW

The ulmate goal of the RT—CAD project is to provide a

technology—relative , structured—design aid to help the hardware

designer explore a larger number of possible design implementations.

Inputs to the system are a behavioral description of the system to be

• designed , an objective function which specifies the user’s

optimization criteria, and a library specifying the hardware

components available to the design system. The components of the

RT—CAD system are shown in Figure 1 and discussed below .
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The RT—CAD system differs from other design automation systems in

that it operates from a behavioral specification . Such specification

provides a model that , while accurately characterizing the

input—output behavior of a piece of hardware , does not necessarily

• reflect its internal structure . The design process is one of binding

implementation decisions in a top—down manner as a design proceeds

• through the RT—CAD system . More and more structural detail is frozen

at each level until a complete hardware specification is obtained , the

most influential design search space. The functions of the design

system components which bind these implementation decisions are

described below .

GLOBAL OPTIMIZER. The global optimizer applies high—level

transformations to a design’s behavioral representation after

translating it from ISPS notation (Barb77b) to an abstract design

representation called the value trace (Snow78b). The transformations

have a significant impact on the cost, performance , and other

parameters of the designs to which they are applied . The research

described in this paper centers aroun d the design representation , the

transformations upon it , and the strategy guiding their application in

the search for an optimal implementaion .

DESIGN STYLE SELECTOR . By considering the various module sets

that can be used (e.g., TTL vs. a microprocessor), the design

constraints imposed (e.g., cost , speed), and the structure of the

algorithm to be designed (e . g . ,  pipeline data flow) , the design style

selector decides on the specific style of design to be employed (e .g . ,
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bit:slice microprocessor , MOS microprocessor , SSI/MSI logic). Earlier

work ( Thom77b) shows this to be an inf luent ia l  decision in terms of

cost and speed tradeoffs. Whe -. the styi~ is selected , the design is

• passed to an allocator specific to the design style. Initial research

into the design style selection process has been completed (Thom 77a)

and an automatic design style selector is currently being programmed.

PARTITIONER. The partitioner groups operations from the abstract

design representation into control steps. This effectively binds the

control flow for the design. Tradeoffs between the data and control

parts are made at this level.

DATA/MEMORY (DM) ALLOCATOR . The function of the DM allocators is

to decide the number and type of data operators , nuliplexors , and

F registers needed to implement the data part of the design. They are

style specific in that they embody analytic and heuristic knowledge

about a style (e.g., the trade—offs involved in the design of a TTL

system), but they do not have access to the specific details of each

module set. The output of the allocator is a data path graph whose

nodes are elements such as adders or registers . An initial

implementation of an allocator for the TTL design style is reported in

(Hafe78).

CONTROL ALLOCATOR. The control allocator generates a sequential

state machine to control the data paths produced by the DM al~~’cator.

The control allocator has the option of designing the control. unit

around control philosophies such as microprogramming , programmed logic

arrays , random logic , etc.  The output of the control allocator is a
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control path graph whose nodes represent control states.

MODULE BINDER. The module binder selects physical modules from

the module set library to implement a design ’s data and control path

graphs. The library contains descriptions of the components available

to the design system and may be freely updated so that it is kept

current with respect to advances in module technology. This dynamic

aspect of’ the module set library provides for the technology_relatii~e

aspects of the RT—CA D system .

PHYSICAL LAYOUT PROCESSOR. This component partitions the system

into printed circuit boards or chips , decides the placement of

components , routesinterconnections , and prepares engineering

documentation.

Research is currently underway into the design of all of the

system components described above. In addition , the problem cf

integrating them into a coherent design system is being investigated.

Research supported under this grant has focused on the synthesis

routines — the data—memory and control allocators. Although the

control allocation effort is just beginning , some ideas as to the

nature of the problems to be solved have been posed . The generation

of control hardware is analogous to the problem of generation of

microcode , with its inherent computational complexity , but there is

one difference. Generation of hardware introduces another set of

variables into the optimization routines. Not only are

microlnstructions generated , but the control hardware itself must be
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designed and optimized .

More progress has been made oi the data memory allocation

problem . A non—optimizing allocator has been written and reported in

(Park7S) and (Hafe78). In order not to duplicate these publications ,

(Hafe7S) is attached as Appendix III, and the results are summarized

• here. This allocator produces a distributed logic design of’ the data

paths and storage locations for a given ISPL description). (The

program uses ISPL instead of ISPS because of the ISPS development

timetable. It is being modified to accept ISPS). It performs scme

error checking to indicate to the user potential resource conflicts

and design errors, and functions independently of the actual

integrated circuits used to implement the logic diagram it produces.

Preliminary checks indicate that the designs are capable of performing

the functions present in the original description . Two designs have

been done by the allocator. The first is part of an elevator

controller and is described in Appendix III. The second is the

PDP—8/E. A non—optimal hand mapping of integrated circuits onto the

allocator output logic diagram has been done , and estimate of chip

count made. It is diff icul t  to compare the automated design with the

original DEC design for three reasons. First, the ISPL description

input to the allocator declares as registers some values the PD P—8E

uses but never stores ex plicitly in registers , such as the effective

address. These show up as registers in the allocator ’s design . Also ,

the allocator designs d izt r ~buted logic , and the DEC design was done

in the central—accumulator design style ( For a discussion of design

styles , see (Thom77)). Finally, the DEC design has assumed a boundary

_ _ __ _  ~~~~~~~ ~~~~• --_ - -~~~~~~~~~~~~ • . .•- ~~~~~~~~~~ ---- • - -,~•- -~
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between the control and data—memory parts of the design , but the

• boundary is different  from that imposed on the allocator by the ISPL

description . Thus some tests , flags, and registers which must be

declared explicitly in the ISPL description are part of the control in

the DEC design. In spite of these differences, estimates of chip

count indicate that the allocator uses 50% more integrated circuit

chips than the human designers for the data paths and registers. Of

course, these estimates were made using the same 1970 technology chip

set the DEC designers had to deal with. The 50% excess hardware can

be found in muliplexers which connect the registers, the extra

registers declared in the ISPL description , and duplicated operators

like increment , add , and compare . Much of this can be attributed to

the way in which the ISPL description had to be written , and some of

these constraints will not be present in future ISPS descriptions.

However , other chips can only be eliminated when optimization

algorithms operate at some stage of the design process. The complete

allocator output  can be found in Appendix IV , along with the

implementation information used to make the chip count estimates, and

the PDP—8/E ISPL description.

One interesting point to be illustrated is the differences in the

design seen even from the block diagram level. This is shown in

Figure 2. There are two reasons for the differences. First , as

stated prevIously, the design styles are different. Second , the

multiplexing is used in different ways. In the DEC version , the

operator’s are shared , and are eve ’ used to provide no—op paths from

one register to another . In the CMU version , only registers are
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shared and use multiplexed inputs. The ISPL language is partially the

source of this disparity. In ISPL , the user can repeatedly use

register A as a destination from various sources. However , the

expressions A÷B and C+D do not imply (or discount) a single adder .

Other differences in the design include the use of multiplexers for

shifting in the DEC design , and use of true/complement 0/1 chips for

creating complements. “Oring” of the MQ and AC registers in the DEC

version is done within the multiplexing hardware . Constants are often

created in one place and gated over already existant data paths to the

registers. In the CMU version , these constants are multiplexed at the

register inputs.

One final difference is the treatment of the Link FF and

Accumulator register as a single register in the CMU version . This is

done because of the way the PDP—8/E ISPL description was written.

Further analysis of this design is in progress and includes an

impimentation of the control by hand . Comparisons of the DEC and CMU

speeds will then be possible.

L . 

_ _  
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ s • ~f üïï t iiThbr e d  if f i~~lt

to demonstr ate that reliabilit y requirements have been met .

&tav~~&~4 1~~~-~t~-’~n z~~~~~’~-a

vj r t  all èIl ino 1imii’~ted ports are specified w i t hi
• - - 

~~ B iock Diagrams of thté~connectidns 
• • - -

- 

, ~~1~~ i~~ D1i~~~ms ~~~~~~~ 
--

• Verbal. Discussion

• Examples

Certainly, block diagrams convey some of the interconnection

structure, Ideally, a block diagram should indicate the direction of

_____ 
the transfer on the interconnections, daisy chaining and basic

functions of the interconnections , The IEEE—488 bus, shown in Figure

~1
-~~~~~~~ —--rn —
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1, is an examp le of a block diagram specification, 
—

Timing diagrams can be used to indicate protocol, timing

dependencies , synchronization mechanisms, data transfer mechanisms ,

control of the interconnections, and priorit y allocation cto some

extent )1 In addition, timing diagrams illustrate the potential port

performance assuming the modules the ports are attached to can sustain

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ fFói tP~l iwp oir~~~d~ 
-

~~~~~~~~~~~~~~~~~~ ~o unicátin ~~~~~~~~~~~~~~~~~~~~ in Figure 
- 2~~ The timing

~ 

of •

c r i ti c a l  timing depeñ~e~~Tli, 
— —---—-— - -  _____

-

Verbal discussion is most valuable when it is used to describe

the design philosophy,__and overall. operation, and to supplement other

descriptive techniques, Figure 3 contains an example portion of a bus

description which presents a design philosophy .

Ejii~ip les, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
cla i fy ~~ m d re  difficult pojnts . t t ~ii extr emel.y jn~pdttmnt that the~~
examples describe points already ~~vi~~d t h t h e ipCcLfication and not

~~~TnTi~~du ce Thew conci~tT, in a~~Lrion, exan ii ii~u bè clè~~t~
• ipecj f i id aS i~ch a~d a  ~~ü S f ~u~ctidnihg culiar to that - example

shOul. d 1i ió Iti t~~d~~~~ 
~~~~ ~~~~~~~~~~~~~~~~~~ --- -

All Of these techniques provide a viewpoint on the port design.

These techniques must be combined with a more forma l. spec ification

_____ 

m ethod_ for a complete descr iption , 
________
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HA NDS HA K E ~ P DAT ’ BVT E G E N E R A l  N T E R F A C E
DATA EUS T RA~(S~ ER C:~.T A O L  EtjS MANPG E’ .~E~(T ~US
(8 SIGNAL LI I .E S( (3 5(01(A) L~I~ES~ (5 SIG NAL LINES )
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- - .

_
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:~~V~~~ 3:T~~~ A L i D 

~~.E3
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~~1 —/ .- NRF O — ~ Q T R E~~C Y E C T  D AT A

______________________ 
/ -i L____ NOAC — D ATA I,QT A C CEP TE D

— 

II _ _ _ _ _ _ _ _  _ _ _ _ _
— • J•~~~~ - IFC — I i T ~~R~ AC E CLE AR

— , - ____________________ .___ ...- ,- MN — A E~.TI ON
• I • I • ______________ SAD — S E R V I C E  A E O u E S~- I 

~~~jJ~ 
I 

~~~~ ~~~ - R E M O T E  F IA BLE

— —i--H H —
~~ Hi \~~~~~

‘ 
~~~J L ~~~~~~~0I — 0

r 

j [ — 

~~ii .__._ ~II__. 

INO ~C A T E S I M A T  ~~~~ ~‘

us R~~PP SE~~T E ~ gv ~~~~.

_________________ ___________________ ____________ — 

ZTA I E ON THES8 I C  t i~.ES

E D  CALCULATOR 0 0 D I G I T A L  E 0 S IGNAL 0 0 TAPE R E A D E R
V O L T M E T E R

Figure 1. Example Block Diagram (Ricc74).
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Sender _________________________________

1 _ _ _ _ _ _Data.snd —

Data 
~~~Z~~ Data Valid 

I

Data.rec - 1

I ~-delay -~j 
I

Receiver ________________________________

~~delayData.snd I I

Data T i i~\I~ 

________________Data.rec ________________________

Figu re 2. Timing Diagram for Two—Wire Protocol. 

——--- ~~ — C—-- _~~__~~~~_~__ _ — -—-• -—

~ 

• - _

~~
~.
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Device B 
-

—

~ ~~~~~~~
control

Device C -
le 

~~~~ 

- 

mana~ ernefl t

De~ ce 0 I

~~tLk 
~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~ 1 . 8

(. c...nt. ’)

SItE)
PEN A

— — EOl

Figure 3. Example Interface Discussion (Loug74) . 

-- — —--• --~~~~—- -•—~~~~~~~~~~~~~~~~~~~~~•~~~~~~~~~~~• -
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~ D~ Ma~). i11cati.o~ ~~~~~~~~~ _____

or~~l. ipCdifications O~ ~O~t a~d bus operatidn have not been - - 

a~pl.jed for ~~ac~ ic~l desi~ns . — H Cver 300é techniques do —

exti17~~T~iie ares
- • 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ 

• The flowchart approach

• The f ä T t i ñ~~age appT I~~~ 
— -

Flowcharts and state diagrams have been Used tO describe a number

of buses • including the IEEE-488 bus. (See Figures 4 and 5).

Languages have been slower to develop . 

— Bell and NSwell (Be1171) - -laid the groundwork for interface
• - diIeTjitT~

j iTth their re~ iff ~~ints tOT ~~~t dëi~tIption~ I the 

tCrjn jntCTfacI itàndár4s comm ittees be gan stru gg lin g with t~e
-— — d escriptio n robtem . Curtis~ working with the Purdue Workshop on

Industr1i~~~ iiTCT itiii Thiii~~~T~i~iriiiiion iñtii fI~i ii~d~ 
-—

- Com~ ittee, prOposid ~ Ibs, är~ 
- IntCrfaci DescriPtion System (Curt7S),

- - Th1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (from Bell and

Niiitt) at the top le ëTI and t~é~~~~~~~äi a MV~~ 1ai~~~~ge foTr~~~
d escription at 

- the programmi ng and reqister—trinsfer levels . 
- In

• addi tion, th. sy stem was to cover other leveli Of description as well,

iut thési iiuiThet dT e d a  he ilme. Thi new li~~ l~e C ~iitiI ~~ 

- -

- - - - proposed was a verSion 01 ISP with features of AHPL and with necessary

timing constructs added , (Most of which were being added to the ISPL

versiori~ UTSPTtSiiiT41,

j  

- • ~~~~~~~~~~~~~~~~~~~~~~~~~  
‘J_- • •  - •— — - • • -•
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T A L K E I I  LI S I E N L I I

• (I S T ART 

~~_j ) 
(I~ 

S T A R T ~~~~j)
if 1 F SEI NRFD A NO

S ET DAV HIGH ] NOAC LOW

p

Y E S

~~ . SENSED ~
/‘

~~~~~~~ N IG H~~~~~~~~

YES
-~~ - -4—

NO - ERROR I
CONDITION I NO ~~‘ READY ‘\~

___________________ TO ACCEPT
___________________ - I DATA

[ ~IJ~ OR CHANGE
DATA ON

DATA LINES 

~~~~~ 
END YES

YES 
‘

~~~~~~~~~ _ 

Low

,,
_/

[ SE T DAV HIGH I— DATA IS V A l I D  AND MAY

I ] 1(O ’ BE A C C EPT EO ~
— YES

F ACCEPT
DATA BYTE

IS
NO NOAC

SENSED
HI G H

SET NRFO LOW

YES

SET DAV LOW SET NOA C HIGH

_______ S E T N O A C L O. ,

YES ( END YES

Figure 4. Example Bus Flowchart (R1cc74).

-- - - ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~
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LIS TENER

Oevu ce 5 u,nadduet2d Orv,ce 0 auIutres ~~d
and ugirOrmg but .1 a but truC 5 ~IuI fl

MN us lilte com ma nd mod e
IF C MLA .

Passer
On

(II III Ih
IhI 1 

Lus ten er

IFC
(w,t tO n 100 ps I

AT N

( PC — In tedoce Clear Lu liner 

A IN
)wil hmn 200 it)

AC OS— Ac ~~pt Da ta State ~~~~~~~~~~~~~ 

210 ni)

A TN — Att e nt uon

Mt_ A— My L ’st en Addres s
UN) — Unlustcrr Command

Devi ce is addressed
and rest, o trdunq to
data on bus

ACCEPTOR HAN DSHAKE

Device ~~~~~~ NRFO , ROA D

Device a llowsHanthha k

Iw lb n DODno) AT N *
turned ~~~ 

MN + (
~_~:~

) NRF O to 70 huyh

on cc rp to !

Power 

~~~~~~~~~~~~~~~ 

Not Read y 

AT N ROY 

Ready J—~~~~

( w f l s

~~~~~~~~~~~
<

ATN. ~~~~~~~ 

—( DAy ~E~\ )OA VDAy

Accepto r A cce~ lA TN — Attention *511 lee DataLACS— Liol e nef A ct ve new cycl e
s ta t e RDY •AT N

LADS—Li st ener Add ress ed 
* AT N.T 3St at e Device allow s Den uce grou nai s

OAV — Data Vat ud NDAC to ~o hu7h NRF O . NOAC
NERO—Not Ready For Data
NOAC .— Not Oar; Accept ed 7 3. Suf f ,c * n r (,me b r  t~ r
ROY — lnt rnat Read y Listener Fu nct io n to make

Me~~ gn (t ro m punch) itu sta t e tranvt uon t

Figure 5. Example State Diagram (Ricc74).
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At the same time Vi ssers had been develo p ing a language which is

- 
esse n tially 

-- 
a formal desc rip tion of the stat e ~ iagr~ms describin g

interfa cing functions , SDLC and the IEE~•48B interface bus have been

____ 
d escribed usi ng this app roach (Viss76 , Knob7S) , The formalism Of this

• lanqua gf_ allows one imp ortant app lica tio n~~~func tion al Simul at ion .

- • 
Vts se r s has 

— 
in tenti onal ly res tricted the covera ge of the language to

th e gate_ ane~ ~eq ister _ tran sfer levels , wi th timin g added. An exam p le

Of the language is shown in Figure 6(b), which il lustrates the states

and transitions of an in terface devic e wht ch inputs an 8 bit cr~arac ter

from an aysnc hr on ou s ser ia l  line. The transitions depend upon the

• input bits , 

- ti:iiii:ij:~

-i
_ _ _ _ _ _  _ _ _ _  j



27

/ ‘N

( I~~IT

- I
( Sta r t  -

I ‘+‘ I ~~~~• 

- / ‘
I

1)1

• ~~~~dat 

~ u ~ ~ 

-

Graphica l

CoLrl _ - 0

I l f l l)U~ _ 1)1 t

IIII T : In it i a l Sta te

- I~EG: = In1~ut 1 b~ t r~
’g~~St e r

Ti: Time bet~,een b its

C~UNT : Rit cou llt

Figure 6(a) Interface Description Using the State Diagram Approach
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_____ ___________  ____V SERINPUT _____________— 

(IFTN I T $  —
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~(23 COUNT ~~~

— • S• ~ 
~~~~~ ~~(3F~Pt~ DELAY TI -

Formal (4] REG ~~
— I

linguagè (53 COUNT ~~~
— COUNT + t — - —

~~~~~

__________  

(6]  —
~~~ ( COUNT ,% 0 ) / P i  ____________ _______________- (‘7’] ~~E~~ Y T i  

- — —— -_____

(83 — ‘ (I 0)/ERROR (No stop bits)
- - 

C93 DELAY T1 ‘

~~~~~~~~~~~ 

( 103 ‘ u ~ 0 ) / E R R O R  (Only  one stop bit )
- C i i 3 ~~~ INIT - - 

~~~~~ 

- - -

Figuri 6~b), Interfiëe Description Using~t}ii~~tate DTi~~~~~A~~~ h —

There are advantages and disadvanta ges of each of these

app r oaches . State diagrams convey state transitions well , but 
____

functio ns performed at each state sometimes are obscured , Even though

conditions for state tran sition are spe cified, it is difficult to

extrapolate from the dia grams to determine t~e_ actua l order in which

transitions occur, Finally, the diagrams beco me unwieldy for complex

descriptions .

Flowcharts convey t~ ë actual ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

funa intel liiitationr thay are inh~~eñtly iequentia l . Para llelisms

• ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~0~t~O i i ~~ironm ents ) must be described -

WTth Separate flowehi~TS~~~~PiYiTiel ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
• • -• const ructs ~~eatid7

’and lOne tMñgs cannot be described at all. - The
• c lassic example is a reset line which can stop port functionin g at any

pä int anUiëiit ali STiti vir’iibTeir

State diagrams , flowcharts and forma l ‘anguages all suffer from

______ 
the for .st .tree problem. Unless the writer of the descri p tion chooses

labels careful ly, documents, and structures his descri p tion , it is

~ 

- -~~~~ ----~~-
--- -

~~~~~ 
•- - - -- - -~~~---- - - - -
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difficult for the reader to ascertain the basic fun ction bein g carri ed

- — 
out, A paging algorithm for a cache memo r y, for exam p le , must ~e

— 
deduced from the description and if the varia bles are labeled “A’ ,

‘B”. ‘C” instead of “Hjgher .bits.PC ’, “Lover,bits.PC”, ‘NeXt.iddtess’

the ~meaninq of _ the descri p tion is unclear. For any of the above

- techniques to ~e useful, a global flowchart or state diagram is

necessar y in order to understand overall I/O functionin g, Finally,

the p rim itives of the formal languag, mu st be chosen to reflect th~

pr imitiv e operations inherent in port an I/C ope ration.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

- - -

~~~
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II. T.~~ ~ L~t1~E li~~~ll~J1 ___ ____  _____  ________

~~~GLIDE •aG a n e ral ized Language ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

E’~~l áttOri— is i relative~y undeveloped lArguige . 
• Yet , jt iS cap ab le --

of ad Lnrsome lisue s lift untãii~ffid by the exii’tI~~~~~~~guigei

It~~is 
- 

the ànly~~láñquige thit~ is desjgned for 7I subset of digital
• s y stems ‘

• nterf ac es and pe riphe ra l coñt rollers~ ~~other 
- languages

have ~~id a more generil appl icat ion. As ~~~~~~~~~~~~~~~~~~~~~~~~

~rob~emi ji~~~ni t~O T~tC ~~~~~~~~~~~~ ~~
_ 

‘

~~~~~~~~~~~~ 

_

--____ 
Some specific _ features of_CLI~~~are e_•~o~~~ w es a n

specified as transitions in addition to level values j FIFO buff e rs

can bC declared and access ed with single state m en tsp Parity checkin g

and generation are p rimitive ope rations for CLXDE~ Synchronous I/O_____

— 
and clocks can be declared, and timeout statements are availabl e to

the writer. Final ly, independ int control envir onments can be

synchronously initiated under conditions declared in the_ program .

Triii iScT~~~~pr èSe~ti thi’örtgiii of GLIDE~~and section III Is an 

~t~~d~~tO ~~ üi’d~~t theThi~ O UG~ IDE~~ Dis cUssions and conclusions~~

in sectio n IV focui~~~rt the a Ticatii~I~~~~GLTDE,

~~
g fl~4g~~ ~~

Whe~~~ L I T ~ik~7l) iiTi TiWr~~
’uced , it~ ibliid~~ n thi p~’èñ~isU~~~ 

- -

that digital I/O and thterfaciñg functions can’ be broken down into

four p rimitive grou ps z data stora ge , data man ipulation, control, and
_ _ _ _  ____ _________________ _______—_ _ _ _
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_______ _____
Given this _ concep tual partitionin g, the goal of GLIDE is to

p rovide a convenient descri p tive language to specify the functions

within the nodu les in a port, and between po rts , For examp le , the

writer can declare an ext ernal line or group of lines , and bind them

to a direction like send , rece ive , or bi — d irecti onal, and to an

interface - technology . A separate declaration is p rovided for

synchronous tran~fars , Data can be moved directly throu gh the port or

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- 
The control

r esponds to conditions on the input lines, and sits idle when no

startup conditions exist , In the same way, each of the other

func t ional boxes shown above can be desc ribed , The combined result is

a comp lete functional descript ion of a spec ific port,

wince normslTIGtZb diicriiiiins are wiiTtiic to PrOvide

t~iictión~ t ii it onl ii oPposed t~~~~qite-~i~iI~~~hardware

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1i thi~~ jai~gua qe coinprise a

spec ia lized set of operat órs desi id~~Tó mainIain thii e!eT~~f
— ibi~ji ii~~~~~~~~ 1~~l GtXoE ititë~Eñt A~~Th~t dSicribe ~~ si ng le

— 

*~hese ope rators areThase~~on a se t OTjI LW 110 f~~ctrO~iT
‘ i i I~~üi Pi~t~~~~~~Dlti j itPiind dèt t rin5fer mCchanisms

_____ 
, Electrical characteristics

T~mihg dependenciei’ilncIuding timeouts) - - -

_________________ ___________. Synch roniza ti on mec hani sms
2 , Control . Co ~~~i1of thU~ua 

• Priority allocation
___

3 , Data  Man ip u lation • Error checking 
_____

• bit7a f~ E M ~ttiri~~~’~~~4, Data_ Storage , Bufferin g _ and_ stor age 
__________ -



register transfer, but rather a single digital function such as buffer

store, parity test, or data encode . A conscious effort is also made

to limit thC language to ports and I/O , Therefore many functions

peculiar to processors have not been included in the_ r perto re of

GLIDE operators . On the other hand, a fairly rich set of

special—purpose operators is provided to Make desc ri pt ion writin g mo re

convenient , —_______________________ ____________—• —

— —  _ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ embodim~nt of
— the s’ame set Of~~~Lmjti o~~~Itb

’ iTn a generaj pürpose I/O processor~~
(Pi ’iPA~k77b) • Spi~i1Ted at the rej[i1iT t~a~ifiF TSVil, thi1 —-

machine ii O’iiqnid to ,~tilate ñy Pio~~lñd 1t ii mjcrOcäded in GLIDE,

The machine isHsodu’Iarijjid, wi ti~i
’ieh ’modul e capabl ,e’ of” ex ecut ing one

of th. prliitive opei tT~~i~~ii~eWid I~~~e, Th~
j Iii é 170

— - 

modules, iynchronous I/O modules, parity check and gener ation Mod ul es,
- -  • 

and éontrol modules, foj ixam~lI, ill of which are under GLIDE program

contr ol.

The generalized Pie 5.5 capable of replacing an arbitrary number

of Pios in a single .compute r environment. This one machine could

dynamically reconfigure itself to be a disk contrOller, teletype

interface (more than one it desired), line printer interface, magnetic

tape unit controller, etc. Its modular ity allows its size to depend 
-‘

on the number and comp lexity of desired operations, and it could

easil y be extended to encompass any new device imply bY writing a

______ 
GLIDE descri p tion and entering that description into_ the machine ,

insertin g addttional hardwa re modu les, it required , The total number
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_____ 
of interfaces which _ could be emu lted _ simultaneousl y is limited only b~

the sp eed and band width of the machine , which has not been determined.

______________________________________________ 
~~~~~~~~ --~~~~~~~— -—~~~~
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III. A. ~~~~ £~& IliL LL~~ CZ -~~~~~~~ 
____  ______

~~~~ ~~~~~~~~~

The basic structure of a GLIDE description is the PROCESS, which

• is a description of an autonomous operating environment (asynchronous

contro l environment ) along with operations which take place there , A

PROCESS consists of GLIDE STRUCTURE statements, which_descr ibe the

environment of operations, followed b~ DATA and CONTROL SEQUENCING

statements , which describe the actual operations , A PROCESS may also

_ eonsjs t of local processes , wh ich are started under certain specified

~~~~4~~i~~~~~_ an d r n l e  whenever those condit ion s are not met , 
- -  -

!he 2t e~~~~~~pr !ee s!fl~~~ ~~~~~~~~~~~ block , is the MAIN PROCESS and

contains all s ubprocesses and subproe .ss initiation conditions

• 
- 

necessa ry to ~!sc e e corn a interface 
• 

artifical exam ple

PROCESS structure Is shown below in Figure 7,

Here, the name of the entire GLIDE description is A , and there

- - 

are three subprocesses Ak, AA AA and SB, Inside the MAIN PROCESS A, a

pair of initiation staements sets up thC conditions under which Ak and

SB are to be started , Any time after these sta tements have been

executed , as long as A is still being executed an-i the initiation

conditions for Ak and/or SB have been me t , either or both processes

- 
can be started. If a p io:ity ordering between processes is desired,

a priority f o r  initiation can be spec ified in the initiation

statement , Once a process is star ted ,  however , processes of higher

pr iorities whose initiation conditions are met can suspend certain

_ _ _ _ _ _ _ _ _ _  

—•- —-- - 
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MAIN PROCESS A STRUCTURE s tatements — (dccl~rations
coimnon to the entire Port description)

• PROCESS initiation conditions
for AA , BB

• register declarations

• interconnection declarations

• clock declaration

DATA and SEQUENCE CONTROL
statements which operate in the main
process environment

PROCESS Alt

• STRUCTURE statements
(including initiation conditions
for PROCESS AAAA)

• DATA AND SEQUENCE CONTROL
statements for AA

PROCESS AAAA

Body of AAAA

END — end of AAAA

END — end of Alt

PROCESS BB

Body of PROCESS BB

END — end o f  BE

END — end of A

Figure 7. The GLIDE PROCESS Struct~re. 
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lower priorit y processes currently executing . Of course, the

-~~~ 
initiation conditions can be specified so that this does not occur, as

will be shown later . Also, high priorit y processes nested inside

lower priority processes will not suspend the lower priorit y processes ,

____ 
when initiated . Process Ak, if higher priority than SB , can suspen d

it. However, process AAA A cannot suspend ay other process since it is

at the lowest level of n~stinq . (In tact, AAAA can be initiated only

while Ak is executing), The syntax of the initiation statement is

~~~~~~~~~~~~~~~~~~~~~~~~~~ --— -~~~-- --

_________________  
INIT AAA A~3,(ba AND be AND bd) ~ I ____ _____

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ AAAA , which 
- — - - -

The process structu re of GLIDE is desi gned to alloW a GLIDE

description to indicate overall port and bus operation to the reader .

Proper initiation conditions and nesting of PROCESSES can p rovid e an

• accurate representation of the actual hardware control environments .

The relationshi p between GLIDE PROCESSES and the I/O structure is

shown in Figure 8, based on our artificial exam p le ,

We now turn to a more complete discussion of the GLIDE lan gua ge ,

using parts of a UNIBUS—like structure as an example,

GLI.flE 3 1 ~--~’tR~ S~.LTfM~N~~

• - - - - -~~~~~~~~~~ • —--- -- - ---—- — -—-- - - - - - - -  -------- - -
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• interconnects
Part 1 ____________________________________________ Part 2

(Described (Declared in A) I (Described
-o

Process

System reset and
clear ~Described as
Process ES) 

6/

Process A gives initiation
-conditions for Alt and BB.
AA initiates AAAA for
transactions between parts.

Figure 8. I/O Structure of the Artificial- Example.

- -
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—_Besides the PROCESS initiation statement, there an, a set of

stateme nts_ used to declare aspects of the port and interconnect

structures . The first of these to be discuss ed is the Declaration

Statement. 
__________ _________________ _____ _____________

—- 

~~~~~~~~~~~~~~~~~~~~~~~~~ ã~d port interco nnections mu st be~~
- - - decTáred . Thi syntax of the dec lará tion state men t i~: 

- • - -

(hird~are ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ the logic type ànd iunetiOn

~

f the deelà rid~~ hardware - 

~sj ng - the following - -

____________——-. 

~~~~~~~~~~~~~ 
— -___

Sasic l~ gic types 
- —  - - •

- E~~~~ Emj ttei~ cóupled logic -

__________ 
TTL 

________
t rans isto r—t ransisto r

__

logic 
_________

CM OS ~~~~~~~~~~~~~~~~~MOS Metal oxide semiconductor
TRANS transformer coup led

Functioni 
__________________ ____ ____ _________ ________________

CRL Current Loop — -

HIR High impedance receive rs
— 

~~~~~~~HLT~~~~~~~ High iávël transmitters
OC Opeh collecto r gates
3CH

~ 

Schmitt trigger • - - - - -- - --- _ —- - — -— • • —•

~~~

-

TRI Tri’~state _____ ______

INT Int~~~~~~~~[Ité~~DIFSND Di fferential sender

~

SN - 

Señdèr ~~~~~~ 
• -

REC Receiver
BI~~ - • 

~Bi’direc tional 
-

_______________
D IFREC Differential rece iver

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - -

<name’

is an identifier , the first four characters of which must ~e un ique ,

The declarations may also_ have length and width attached, as in ISPL

and ISPS (Bar b7S) , Some exam p les of the declaration state ment ar e g

- - --~~~~~~~--~~~~~~~~
-

~~~~~~~~~~~~
- - - _-
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TTL_~~~~~~~~~~~ ,~~us<7 v O> add~ e s O ) ~

- - - 
This statement desc ribes two 8—li ne TT L open collector bus

segme nts , one named data ,bus ,, and one named add ress .bus,

____________ ECL INT\count .regtste r <720>,  
_____

- 
This  statement describes a single 8~bit ECL logic register

which is internal to the interface.

A function deiT~nation is mandIt~~ r Tór eve d i it i~ n~ThTit a ~~~~~~
type s ept na l. Every assignment bearin g an ~INT functional

~diiIg átToiFis coñi i id tá~~bi~~a ë~ iste~ , d~~aIl others - are -

ex ternat li~Ii, 
- ——________

A secon d STRUCTU RE statement is the INIT (initiate) Statement

previously_ discussed , Its syntax 1st 
____ _______ _____

_____ 
IN IT <p roc ess name)~<p rior ity> ,<v aniab le ) <value )t

____ 
<p rocess name ) 

_____

is the name of a p roc ess which p erforms a particular

- interface task . 
_____

<va riable >

is the name ot the variable which initiat es a process,  It 
——

____ 
may also be a Boolean and /or arithmetic exp ressio n involving

____ 
any previously decla red lines , or a compound ,

<va lue >
__________________ _________________________________

____ 
is the binar y or octal valu e of the variable which is to

____ 
initiate t~e p roce ss ,

/ is a 0  to 1 tuiWiTt1ä~~óf a slngle’ bTt

\ L I l  t ó O  trániltión Of a siñqle bit - -  - -
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______ ____ 

<p riori ty) 
_________

- - - - 

is the interr upt p riorit y of the process . 
- - -

Default is to the lowest priorit y declared.

E X A M P L E : _______________________________________ 
__________________

INIT te ]e ty pe sl ,status ./

• 
- Process te letype is initiated when a line called TM statUs ” by the

programme ij ~i~i~~~~m 0 to I and ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
level 1 (level 0 is highest priority ), In the UN IBU S

- -— description, th~ st ructure is 
— based ón ~~~~~~ bus - arb i tration -

mechanism, as shown in Figure 9. The daliy c~ i1n pro~iiIes th~~~~
~~~~~~~~ thi t i rs t 1evi l o f ~~~eit in g al low bus request nd grant signals to

- -- - t rTävel p roPerl y up ind ~~ own thE UNIBUS , The arbitration process,

iLso in thi flrst level, hai Thii tiUiiI ~i ItiW~~~th1 i~~~~~
ninting proeesses, The process itrUcture (Fiqüre 10) should

- • 

clarify the configuratjon descnibed , 
- -

FIFO queues can be declared with the BFR (buffer statement),

with this syntax i

________________________  
BFR ~~~~~~~~~~~~~~~~~~~~~~~~~~

<name)

is the name to be assigned to the buUer for later p rogram

use , 
__________________________

Clength]

is the numbe r of words in the buffer queue ,

______ 

<width) 
_______ ____________________________

is the bits in each word .
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________  
EXAMPLES ________________ _____ ____

BFR Dt5)CQUEUE (4096)<32)

This statement establishes a buffer of length 4096 words ,

each wo rd 32 b its in length , 
___________ ______

- 

In the UNISUS descript ion, ther e are two declaration type s . For

example :

OC\M SYN<O) , descr ibes a single bit line named ‘MSyN ,~

The OC indicates open collector. 
-

~ V idatareg<tSTO t det iiiT6 biT I~Iti~Wa dit1
-- 

~~~~~~~~~~~~~~~~~~~~~~~ 

ii_
_ _ _ _
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[ Device A rDevice B ] 1 Device C 1 I Device D ]

npra n~rb I 
~ 

‘ nnrc I~
J ~ 

Insrd ~ 
~~~~ 

1. 

~

=NPR 
npgb j npgc npgd

4, npga NPG

Processor

Figure 9. ~. Block Diagram illustrating Naming Convertions
for the Bus Grant/Request Lines of the Arbitration

Mechanism.

_________-.-

~

- - _ _

~

_----

~ 

- - -~~~~
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MAIN PROCE SS UN IBU S ____

• Declarations ____ -

Compound ~e~l~~atiófl$ 
-

INIT anbittO, SACKC~ I
INIT ndaisy cha in lO , (npra OR np rb OR npr c

_________  _ _ _ _ _ _ _  --

INIT 6datsyeh airt t ° , (br 6I OR br 6b OR br6c
- - -

4also INITS for pr iority levels 4,5 ,7)

PROCESS ndaisycha in _____

,

.

END ____

_ _  
i__lilt

END

~ 

7daisychain)

P~~~E~S arb[t 
- 

-

~W~TT i p r g r I nt *i . N PR ~~t P  
-

INIT Bp4grar%t*S, (bc.enable AND BR4) 11 

~NIT BRSgrant:4,cbg,enable AND BR5)~ ti 
- -

INIT ~~~g~ant53,Cbg .enable AND BR6)*t~
i~~fB~~~~intI Tb4,tnabT~~Al~ BR7i ’fl~~ 

—

a

~ 

- - -

S 

_ _ _ _ _ _  ich~n ism,
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_____ 
Code conversion is often done by table lookup . (Of course,

ptardw ired logic is also used for this purpose and can bf described in

GLIDE with DATA CONTROL statements to ~e introduced later). - 
GLIDE has

special primitives for table lookup, afte r the table his bee n declared

- —  - - 
wi th t~ e table instruction, 

- - 
The syntax fo r this isi 

- -

TABI4 <name)(~eng~h (’<width1>M)(’<w~dth2>’)

which is used to set up a ta b le for code conversion when

__________ 
convers ion must be done b~ tab le lockup .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ the input

and outp ut words respe ctive ly,

<name ) and <length ) are the same as the Buff e r Statement ,

Table entries follow immediatel y after the table

______________ declaration,_ usin g this formats 
____

<encoded va lue >a <d ,coded value )

<encoded value) is an input code table entry . 
-

(decoded Value) is á~T~i~~~t dé ablii~t~y~~~

An exam p le of this is :

TABL grey C4)’C2)<2) ____________ _____

_____ 
0o~ )00 ____________________________________ 

____________

Oi )O1

________ 
1O~)I1 

_____________ _______

________ i1*)1o,

— 

~~ besc rip tion of synchronous I/O is diffii~.iTt TiCiu$e Of tTI dT1f~~e~ t~~~~~
ii ~pTórnentat[óns ãT Kardiire whLCh~~~Er tori $yrichrOntzatiO~~ GLIDE 

- -
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_____ 

allows only a limited descri p tion of synchronous I/O , Synchronous

lines are declared with the synchronize statement , with syntax :

_____ 
SYNC ~~~~~~~~~~~~~~~~~~~~~~~~ -

This describes the synchronizati on _ mechanism for inputtin g 
—

and outputting synchronous diti from magnetic tape, magnetic

disk , and synchronous data links.

is the variable name of the  sy~~hronous line(s),

< time>

______ 
is the cycle time in clock periods.

is the lengt)~iUb~e wor d shiftiU in pa ral lEl d~~Tng Eich

synchronous cycle .

EXAMPLES ; SYNC tapel<8 10)S10000 ______________ ______ _____ ____

desjrjbej t IyichrO üs tranifer of 9 bits in — —

az~I~i e o ~~oJogu~~~~~bui ca lled tape l at a

frequency at 10 usec , 
—

SYNC diska~~~900 O

- describei the synchronous s~ii Q~~T data onto I
- iinj~e l ine~~ilIe d diska~~at a 900ns rite .

The use of synchron ous variables in a GLIDE descri p tion will be

descr ibed later.
- - _  --•- • - _ _ -_ -_  - _ _— - _--— -- • -- - -• - _ • - -  - — - -• - • -

• _
—-.-— —- - • -- -
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!The follow i ng dec l arations are compound expressions. This means
tha t there exists log ic to conUnua ll y eva l uate the fo ll ow i ng
expressions !

dvadcjregs:=a<B> AND a<1> AND (NOT a<2>);
dati := (r’40t CO) AND (NOT Cl));
pdati := (NOT Cl) AND Ca;
dato := (NOT CC) AND Cl;
bdato:~ C~ AND Cl;
p .error :-~(N0T PA ) AND PB;
no.error:- (NOT PA) AND (NOT PB);

Figure 11. Compound Expressions From the Bus Example.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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In order to de cl are snchrono us lines, however , a clock must also

_be declared . -— 
The clock statemen t allow~~ descri p tion of a simp le

clock, The syntax is: - -

____ ______________________  
CLX <pe riod > , 

__________

- 
where <per iod ) is expressed in nanosecond s , The defau lt clock period

is 
• 

one 
- 

nanos econd , One extre m eiy p owerful state rnen t used in

conj unct ion w ith Declarations is the Compound Declaration. This 
_____

instr uction has the form:

<name): sex press ton> ,
<name :a< expression), ,,,

<name ) is an identifier and <ixprei Ton) is áW iuithmiUc

an d/or 1ogiel ij pression u~ in~~ ~~revioui l~ eclTared

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - for~~
— 

descTiiiig coñibliiitjonal logic like ad~~iis re~ O i1f6n

hard ware ,

Figure 11 contains the Compound Declaratio ns found in the UN ISUS 
-

description , dvaa ddress is the address of device A, dati , pdati, dato

_______ 
end bdato refer_ to the_modes of data transfer (dati, dat ip, dato ,

datob) on the bus , PABB Indicates parity erro r , and PABS indicates no

error. 
____

li i? these i~~li itT~i itateienta T~~~~eaE~ tWe Data Control an d - -

5~~~~~~~~~~~~ N TR O L statemenli l t~i1(kT1UP~OCESS and the subprid~Tsi5.~~~~~~

____  - - --

—1
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Many of the Sequence Control State men ts are_ conventional , but a

few have features not found in other HDLs , These_ less .conventional

instruc tions will ~e described first , 
_________ ____

The most powerful of thiii is the Dili~~1 j F S ituiiiitI

DLAY (range) UNTL <vaniable)~~<variable) <va lue>)

THEN branch) ELSE (error)~ ___________________________

Thii itItemEnt iilays TPiiprociii ixácution fij A specil iC time or - —

t à b ~E E 8 Ei a givE~~va~uE Or eqüals inother variable , - -

<va riab le ) 
______ ______

is a variable named in ~~ itr ij tu i s t a te m i~~t 
-

<va lue>

- •  is a vilue exp re sSEd in binary , octal on decimil , 
- —  -

<branch)

is i pr ognam ii~Et brinci~E4 ti if iquEli ty condition Is met in the -

— 

~iven t ime period , 
—____________________

< error>

is a p rogram label b ranch ed tTTf equ.lit~~~~ñ~rt1i~~iI nit bet TiFtWe

given time period ,

<range>

-- — 

~~ is a rin~i 0f viluei il tithe thE dElay is to ast ,~~ 
- 

- _. 

--
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Her e are some simp le uses of the D1~AY statement : DLAY 4000; 
______

This statement dela y s the inter face 4 usec (assuming a Ins clock).

DLAY UN TL eheck~O0 1j

Thii i~~tement diliyiTthe in~e rfaee uñtil thi v er iab lE ecKaOOl i in

• then continues program sequence ,

• DLA Y 5000 UN TL inst ra code t THEN read ELSE write ; 
_________________________

This statement delays the interface Susec or until the variables instr

and code l are equal, whichever comes first, It branches to *read* for

_____ 
equality and ~write’ if time runs out, _____

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Tiñej and • timeout -

—• 

~~ñdj tj ór~s Thi~~~engE bf delay tjmEI is u sefu l when spee ifyin g a

potent Lii us les ign i1~ij ji Ii Ii~~~~~derayi oy t~~e~üti heed tO

~~~~b e i jiofljEi I~ e DeLa~~Stitethei~tfj used ~idE in the e xam ple bUs
- — ~~~ — 

dEI~~~i~~~
j o~~, r iiuinpi ThifdE i6daisychain PROCESS , DLAY UNTL

sG6~ /, imp lies a suspenSlin of PROCI~3S exe utio u~WtiTBC6Thas an

ST i~ mOiiizEd ~ thi ti~wSrd ,  Sh~~T”) .~~ Inside t1~e —

&PR~~~~i~~~~~i~t~iñism b~1~75i tia7S nO~oIEcend delI~ to allow fer 
- -

signal skew , Then , OLA Y ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ tWif tF~ET~~~
P R S i i i ~i~~i a t i tO sA~ K t O havo á~~OEi tLv .Ttran sttion but • - •

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -

Another useful statement ia the Parallel Branch Statement, used

to allow execution of multiple instructions at one time , This

statement is p aired with the MR G (merge) statements at the end of each

paralel branch , 
_________________
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_ _ _ _ _  
PBR (3ab.t) ,<tabel) ,,.,,(lib$l)$(FRUN/SYNC I 

_ _ _ _ _ _ _ _

This statement performs the following sections of code

refe rr ed to by labels , ei ther statement by state ment

synchronously or on a free — run basis , 
—~~__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

FRUN
— • ji~njfjes fr ee run execution, Statements in each code

segment ire executed as soon as p rev i~~~~i o ~~i~~iti~~ni ãre

• com p lete d ,

SYNC 
_________________  ________________  _ _ _ _ _ _ _ _ _ _

indicates that statement executions in each code segment are

to be synchronized. In other vo~ds, the rtth statements in

-— 
all. code segments are executed simultaneousl y, 

—-  -

Examp les ;
PBR inpu t ,eonvertsFRUN ;

input , .

________________________ • a s ____________________________ _ _ _ _ _ _ _ _

_ _ _ _ _  
conver t . , ,

S . .

_ _ _ _  
MRG ,

This set of statements caus es the section of code labeled

_ _ _ _ _  
input to be executed simult aneous ly with the section of code

libeled convert , MR G indic ates a me rge at the end of each

segmen t, 
_ _ _ _ _ _ _ _

- -  - ~~~~ FBR ~~~~~~~~~~~~~~~~ 
- - -

~, •tput s...atement l;
s~atemen t2 , 

- • -

M R G ;  
____________________________  _ _ _ _  _ _ _ _

check state ment i;
_ _ _ _ _  

statement 21
MRG ;

_ _ _  • •~~~~~~~~~~ •••• • • • • • • • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~• •
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__________ 
This set of statements causes statements I to ~e exec uted

simu ltaneously and statements 2 to 
• 
be executed

• simultaneously, 
- - - _  •

~~wo other ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
branch assoc iated with buffer accesses will be discussed later with

their associated Data Contro l Statements , -

The other statements used to contro~l prog ram flow are like those

found in conventional m iero p rog ramm in g languages, These are :

• Compare statemen t_ _  

— —  •_ c ~~?~~~!! ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
< 2 )  

— - - -— _ -

F -_ -- _ _  opare s values of 0 
- 

var iables or a var iable and 
- - 

an
integer value (second source field).

- - jmp1j ij b~j~c~~~o j o t i~~aFoOKdition, whi le —

a) <brartch2) 
_____

means branch for an equal condition,

Her. is a simp le eiiñtples

CMP chec k ts23 a) error ,a) ok;

• 
—- 

e Call iubroutj~ e statement

CALL (subroutine label> ; 
_____________

The next statement executed will be that lab eled , Control

_____ ____ 
is returned to the statement following_ the call statement

L _ _ _  ~~~~~~~~ •~~~~~~~~~~~~~~~~~~
• • •~~~~~~~~~~~~ • • • •
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_____ ___________ 

when a RETURN command is encountered in the subrout ine . 
_____

• End subroutine statment

____ ____________ 
RETURN; _________________ _____

Ends a subroutin e and returns control to the callin g site ,

END ;

Terminat es a process descri p tion , 
____________

• No Operation Statement

___________— 
NO!; is used primarily when two segments of code are

execut ed in_parallel and are synchronized .

• Serial Bran ch Statement

BR <label>; is an absolute branch.

• LOOP Statement

LOOP<statement label> ,(repetitions)j

- • — This statement executes ill statements through the labeled

- — 

•tatemen~~~h iTi numbe~~~ft T~~i. IfltScer~~iiue.

Examp le :

LOOP done ,3; _______________________

(s tatement 1)1

done: (statement n)~

T~
jj ixi ~iIti s stiteme nts 1 throuQh ~~t~~~it i~iTi. 

-—

I



r~ ~~~~~~~~~~~~
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~~
- -

~~~ 

- —
~~~~

- - - - - -----

~~ 

--- - - •

• - •

F -

• Run Until Statement 
____________

- - 

RUN ciabe l)UNTL<vaniable )a~<var iab1.)/<value> )

THEN <branch>,

This statement is similar to the loop statement bUt

terminates when a particular condition Is reached, then

branches óut of the program , Testing is done at the start

of each lo~~~ If T)IEN (branch ) is jtted, execution picks

up at the first statement after the loop ,

_________________Example : ___________________________________

RUN pro d UNT L var3 var4 THEN in t e r r u p t ;

S a

S a a

P r o e l s , . ,  ~~End ot ioop ~ 
—

• p 5

____— 

iri~i~ru~ t: iew code segmei~i begli~iThuii7

• Set Statement 
_____

Set <label ) ;
- • 

WiT~~ iEti ã~~~ inti t It~~i frOm 
- thE~~inte rtace , The -

- ~~~~~~ - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ a~~~ble ,

_ _ _- — —__— -- _ — - -  - - -—_ ---- --—- -— -— -  — I

RSET <iabelYf - - -

This riiits an 1~terrup t line. 
—__________________________
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The exam ple_ bus description uses the compare statement in the daisy

cha in processes , CMP br6a:j . done; causes control to go to the

Udon eR label. If not , control flow continues to the next statement ,

eo l~~~~~i~al1y il~iT~~r om statement to stiterneñt, vith t1~e 
- •

— _  Elimiter bE j
~~ j tatementj being a selnicolon . It two statements are

to be executed in the same ~lock period , however, the , delimeter can

be r ep laced with ~~~~ For examp le , 
-—_______

A ’e— I A LSO 86— 1;

C *— 0;

causes A and B to be set to 1 then C tO be set to 0,

---4 

- - - - - - - - - -  
-
~~~~~~~~~~~~

- - -
-—- -  - - - -~~~~~~~~~-
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• I~u.E pA~~~ _________ __________________

With one exception , the DATA CONTROL statements all have the same

str ucture,

<destination)~ -<source expression)

<de st ination>
- - 

is any name bound to a hardware st ru ctu re (i.e., external
— 

ii néi T Tiiii jna 1 r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
etc ,),

(source expression> ___________________________ _____________

_______ 
is a variabl e , value , compo und, arithmetic and/or logical

_____ 
exp ression or an exp ression usin g the ope rators described

below, 
_____

Arithmetic operators:

~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- -

• subtracti on

• multiplication

di~1i1~~~~~~~~~~~~ ~~~~ 

- _ _ _

____ 
Logical operato rs: 

_______ ______

AND logical and of both operands

OR logIcal or of both operands 
______

XOR ~ogieal _ exlus ive or of two operands

NOT logically complements sou rce and places in

dest ination 
_____ ______

• ----_-_- - -__•— - -

~

--- - _ —-- ---- - _ - - --- ---- - -_ -- - - _ --- -- - 
-H
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The logical ope rators are used _ widely in the COMPOUND, DLA Y and

IN IT statements , For an examp le see Figure 11 which contains compound

expressions from the bus examp le , The INIT statem ent uses logical

operators widely, as in this statement from the UNIBUS description : 
—

- -  

INIT 6iAi3~~~chaij~i0,(br6a OR br6b OR b16c 0R br6d)al; - - -

Of course , the simple source—destination transfer is widel y used

in the example. BR6~ — I; is one instance of this .

TherE S~eie~ei~~pr im [tive I/O operations . The first two are -

~~~i~e añd Deeodi7 
—-_________________________________________

ENC(ctab le)3 ;

Encode from binary using the table specified , This operator returns 0

if the value canot be encod ed , Choices of tables are UNARY , GREY ,

HAMMING and DISTANCE 3,

• 

—— DCO C(table) 3 ;
- 

~~~~~~~~~~~~~~~~ üiih~~the tab1E s~ec ifjed , returning 0 - if not -

de~odibli~ 
- -- - -  -- - — - - -

It sflo~ld bC noted here that other encoding/decoding problems have to

be declared explicitly usng the TABL declarati on, Here is an exam p le

of both methods : 
_____

- - -  — -  

TAB L greyC4)<2)<2)~~~~ 
- • -- - -

00 00
01 01
10 11 

________

11 lOT 
-- _ _ _ _

- • - 

~This table II accessed ~y the statement : 
—

5.-

-- -

~

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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________ 
(destination) <table name)<source);

- 
or for this instance: 

- • • • -

(1) A<I:0)E— grey ’jO; - • - -

_____________ 
and the value in A ~ 11 at the end of execution . _____

(2) A (~ :0)E_ENC ~gr ey~~~0p

____________ 
is an equivalent statement , The inverse of this statement

- 
is: 

_____ ____

-

____ _____ 
and the value returned is 10 , 

—

~~~~~BisidesTIencodii~q dà~S t ~~~t~~~ ormatting packing and error -

~

heckih 8~e irnpor t fundtians erfOrmed by ports and interfaces .
-— Formatting eiTñbi as s impli~ ai~~~~~~~i ? i ó  aI” ~ômPTeX~~iI the

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ro rinat Statement -

(FMT) provides a~~iñ ã i~ii fi~~thiT~ ~~~~~~~~~~~~~~~~~~~~~~ 

___  -

FMT (sourceiY~~~ iT~i i ~~F <sourTi2>;
—- - — where <source 1> and <source2) iyI opirinds or~~~ lu~iSnd Cpattè rn>~~is - -

- a Pattern of •and 1. An * indicates a bit~ tiken troii sourcel and - a /

indicat es a bit from source2 , ~~The aWjenci of a pat ti~ñ imPlieS

conca tenation, For example:
- • 

~ ~~~~~ S~7T0~~~~rMT ’00001o]o7*’5/) ‘lilIT 
5- 

~~~~~~~~~~

refiiThi tWU Tu E9101010T
5- c’ indicates a bThiF~~ViIuiT,

Packing and unpacking bit slices from words is less complex , and

— 
the Pack (PAC) and Unpack (UNPAC) statements p rovides for this,

PAC (<yariab le> ) pack s a bit sl ic , int o th e position in the word 

-5-- -- —-
~~~~~

--- “ - -- -- -— ~~~ • • ~~~~~~~~-.--~~~~~~.--• • --- -- -5--_ •-• 5•- .••
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specified b~ the variab le ), UN PAC (<vari ab le )) retur ns the slice from

the word , For instance: 
-

A< 3 :0) ’~ — P A C ( l ) B < 1 : O ) ;

places the B bits into t~e lowest order (1 and 0) bits of A, 
— —

A<3$O )~ — UNPAC (2)B (15:O>;

places valu es from B<7s4 into A.

Parity but geniratjon uid checking Ti one witW ~~~~~ et óU

statem ents, the Test and Parit y satements ,

PARE souree ) generates an even parit y
__

b it and PARO <source)

gene rates an odd parity ~‘it , TSTE <source ) and TSTO <source ) pe rform

a parity check and return a ‘~f parity is val id, a 0 it there is a

parity error , 
- -

The last two statem en ts to be prejen ted concern $ynchron ous data
• - 

tr~~ni~~e~ à~d b i ffé a~~~si ei, si e thi~variablëi permttted in GLDE 
-

stateme ~ts may be oni of sivi~á]. diffiii~t types, SöIè~~~o~~i~ti

~~~~i~nI~~~ thé Uió ói e tWé S~~~la~~äke t~~è j  thtent ~lea~er~ 
- - • • -

Use of a va riable declared in a BFR statement carrier with it an

implicit buffer memo ry access . The total number of items sto red in

the buffer may not exceed the declared size , If it does, an error

signal will be generated , and the mos t recent store will not be

comp leted, The error wil l be detected if a statement label is

attached to the buffer name in the execution stat ement with a ‘I’,

_____ 

For example, in t~e statement F IFO abfr fu l~ —A (7sO> ; if FIFO is a

declared buffer memory and execution of this statem en t causes it to

H 

_ _ _ _ _ _ _  _  _ _ _ __  _ _ _ _
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____ 
overflow , the next statement to be executed will be Nb jrful , N The

default error branch also applies to buffe r acc esses when an emp ty

cond ition occurs , A*— FIFOsBfrepty ; 
- • — -

Use of a ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- 

implicit synchronous 
- 

transfer of the data, 
-- 

For a parallel tranfer,

the wérd ~lenqth of both source and destination must match the

synihr onous ~~~T~~W 1~~~ th , Fi~r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~
• - va riabl.e i s  átiiT~$ o f 5-ltñqt 1 s& thè other variable méy be of any -

~~ 5-~~ ingth j~~é~ t~~p th~~ O~~E~ual t i~~~ro~ th. il~~a~è ~~the 
- m eaning -- -

i i tjansfjFis cle ar ; TóTthe serial case t~~~~~i~if i iá~ithat -

- • - 

~~~~ shift t~kui c e i~~~h~~trij~iy1 Iecjfiöd *ith no~extra delay

~~ whè~itijh it1 je jj3ter ji loaded with aThew~~órd or emptied)~~~ X f a  • —

deLi~~is desj reL it rn b~~~ë~iiiëd~~y ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• accessed/stored into

a shift reg ister , a WAIT statement must ~e used to allow time for the ____

data to be synchronously Input . Here is a brief examp le ,

~~~~~ deeI~~~~~~~[ iii 1jñ~di ~~ 

___  

~~~~~~~~~ 

- --5- -- - -

-— 5YW~~~i sk (0$ U200;
5 - 5 -  j iii~j ieThi~ i i S ~~~h äüi lthe caled - • disk 5- whi ch

• - - - -  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-- 

_______In the body_we find: 
______

____ 
LOOP_ done, 32; 

____ ____

A (31>_4—d isk; ___________________________ ____ 

A~ —A /2; &shitt right A

_ _ _ _ _ _ _  - - -- 
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done : WAIT; _____________ ______

- 5- ihi~h f i~ l iA ~f t ~
i5-diik 

• - • - - 

- 5- . — — -~~~~~~~~~~ - - 5- - - - - - - - - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — 5 -  -



61

_______ 
LL,, T~~tt~~~~ Tf l~~Z~~~ A~~~~fl srU~~ tfI~ ___________

GLIDE has 
- 

grown from a mjcroprogrammjng 
- language for a

qenera].—purpoje 
5-
tb processor to a descriptive language for I/O,

5- -— interfaces and buses , While no apologies are made for the syntact ical

artIfacts of 
• the mic ro—language , we should stress that GLIDE is

evolving and continually changing, It has proved itself adequate for

the UNjB1f5 uI~Tjptive talk , a ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
ai ists , ~d~ ä s i i tói ii~ q

5-
written , 

- - -

The simulator will allow research to proceed in studyin g bus

structures ,  I/O, and multiprocessor communications. It will also

provide a tool for teaching the above in an inte ractj v ~ fashion,

flWL~~fl~~~ 4I~V1~~

The author woulTlike ëk~~wledge the assiit ince o t i iP Ti

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
itself.
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APPENDIX II

!Th i s  is a partial description of the UN I BIJS operation. In order to
make the descript ion complete , the da i sy chain bus request and
grant signals are inc l uded , but only specified for four devices for
each l e v e l  of p r i o r i t y , dev ices  A ,B,C, and 0, where A i s  e l e c t r i c a l l y
closest to the processor .

A GL I DE description contains a main PROCESS and as many nested sub-
processes as possible to describe a set of interfaces connected together.

In  each PROCESS , inc l ud i ng the main one, there are dec l arations
wh i ch define the structure of the interfaces , and sequence statements
wh i ch describe the operations. I

MAIN PROCESS UNIBIJS

!Here we have dec l ared the main process!

!Signa l lines!

OC\a<17:@>; !address line s ,open c o l l e c t o r !
OC\O<1S:ø>; !Data lines , open collector !
OC\C@<B>; !control bit!
OC\C1<1> ; !control bit!

• OC\MSYN<ø>; !master sync line !
OC\SSYN<B>; !slave sync line !
OC\PA<ø> ; !par i ty l i ne!
OC\PB-<ø>; !par i ty l ine !
OC\INTR<ø>; !interrupt line !
OC\BR4<~ >; !bus request line , pr i or i ty le vel  4!
OC\BRS<8> ; !bus request l ine , pr i or i ty le vel 5!
OC\BR6<g>:
OC\8R7<@>;
OC\B04<G> ; !bus.grant line , pr i or i ty leve l 4!
OC\BGS<@> ;
OC\BGB<ø> ;
OC\8G7<ø> ;
OC\NPR<a>; !non processor request line !
OC\NPG<B>; !non processor grant line !
OC\SACK<ø>; !selection acknow l edge !
OC\BBSY<0> ; ?bus busy !
OC\bg.enable<~>; !bus grant enable (set/reset by processor )!
INT \interrupt .vector<15:O>; linterrupt vector internal to device !
INT\slave.address<15 :3>; !slave address used by device B for NPR !

!The following lines make up the daisy chain bus request and grant
mechan i sms. Each part of the chain is specified as a separate
line for ease of description !

OC\br6a<G>; !l ine from the cievA to the grant mechan ism!
• OC\br6b<ø>; !line from the devB to devA l

OC\hr6c<B>; I line from devC to devB !
OC\br6d<ø>; !l ine from devO to devC !
OC\hg6a<ø>; !grant line from gran t mechan i sm to devA !
OC\bg6b<ø>; !grant line from devA to devB ’
OC\bcj6c <ø>;
OC\bg6d<~>:
OC\npra<ø>; !The same for nonprocessor request and grant lines!

- --1
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OC\nprb<B>;
OC\nprc<ø>;
OC\nprd<O>;
OC\npga<a>;
OC\npgb<B>;
OC\npgc<B>;
OC\npgd<ø>;
INT\adatareg<1S:8>; !data reqister in device A ’
INT\bdatareg<15:B>; !data reg ister in device B!

!The following declarations are compound expressions. This means
that there exists log ic to continua l l y eva l uate the follow i ng
expressions!

dvaddress:~ a<@> AND ad> AND (NOT a<2>);
dati:= (NOT CB) AND (NOT Cl)); 

-

pd ati:~~(NOT Cl) AND Cø;
dato :=(NOT C2) AND Cl;
bdato:=Cø AND Cl;
p.error :~~(NOT PA) AND PB;
no.error:~~(NOT PA ) AND (NOT PB);

!Now come a series of initiation conditions for var i ous
“processes ” . These are dec l ared now , but the processes are
initiated whenever the condition s become true , and the process
has higher pr i or i ty than any other process wh i ch also has met
its initiation conditions !

IN IT arbit:ø ,SACK-\;

!t he above statement initiates the arb it process with 8 pr i or i ty,
whenever the SACK line has a negative trans ition !

IN IT dvasla.ve:8, (BBSY~/ AND DVADORESS ) a 1;

!Oevice A is initiated as a slave when bus busy i s asser ted h i gh,
and the device address has been decoded!

INTl 6da i sychain:8 , (br6a OR br6b OR br6c OR br6d)=l;

!Gda i sy chain is the da i sy chain mechan i sm for pr i or i ty leve l 6!

INIT nda i sychain:8,(npra OR nprb OR nprc OR nprd)-l;

!thi s is the daisy chain mechan i sm for the NPR requests!
!There are similar processes for the other pr i or i ty leve ls!

PROCESS Gdais ychain
BRS.-/; !Send the bus request through !
OLAY UN TL BG~=/; !t4a i t until the grant si gna l comes back !
bg6a4-/; !device A , c lo se s t  to t he processor , gets the grant!
CMP br6a:1 => done;
!compare bus request from clev. A to 1. If equa l , t hen you are
done. Ot herwise , pass it on!

bg6b~-/; . 
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ClIP br6b:l ~~> done;
bg6ci-/;
ClIP br6c:l => done;

• bg6ch-/;
done: end; !end Gdaisy chain!

PROCESS ndai sychain
NPR~ - / ;• OLAY UNTL NPG ~ I;
npga 1;
ClIP npra :l => qu i t ;
npgb

~~~
/;

ClIP nprb:l => quit;
npgc 4- /;

• ClIP nprc:l -, quit;
• npgd .- /;

quit: end; !end daisy chain for NPR !
• PROCESS arbit

IN IT npr.grant:l ,NPR~/;• IN IT BR4.grant:5, (bg .enable AND BR4)=l ;
INIT BRS.grant :4,(bg.enable AND BRS)=l;
INTl BR6.grant:3 , (bg.enab le AND BRG)=1;
I N T l  8R7.grant:2, (bg.enab le AND 8R7)=l;

- 

- 
!These grant mechan i sms are initiated in a pr i or i ty order 1
!For simp li cit y , only the pr i or i ty level 4 and NPR levels w i l l
be shown !

• OLAY UNTL (NPR OR ( (BR4 OR BRS OR BAG OR BR7)AND bg.enable))al
!As soon as one of the lines is raised , the PROCESS ends, to
prevent any other PROCESS from now being started, Otherwise ,
a higher pr i ority PROCESS cou ld be started!

• END; !End of process arb it!

PROCESS npr.gran t
DLAY 75;
NPG I;
OLAY 7582+-2538 UNTL SACK - I;
NPG~~~\;• END;

PROCESS br4 .grant
CLAY 75;

• B64 4- /;
OLAY 7588+-2588 UNTL SACK - 1;
864 4-
ENO ;

PROCESS dvaniaster
!Th i s process describes the sequence device A goes through to
in terrup t t he processor !

!Th is dev i ce is capable of bus mastership and has pr i or i ty l e v e l
6. It is w ired closest to the processor of all pr I or i ty l eve l 6
devices!

br6a I;

- 5- 5-  ~~~~~~~~—- 5- — 5--~~ 5- -5~~~~~~~~~~~~~~~~~~~~~ -_~~
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!lhe device requests bus m a s t e r s h i p  by raising its bus request tine !

!lh is causes the da i sy chain for pr i ority level 6 to be initiated
and subsequentl y causes the arbitration and granting mechan i sms to
be initiated !

CLAY UNIL bg6a - I:

!i.Jait for the bus grant!

SACK .- ,’;
!Acknow l edge the bus grant!

PBR one , two: FRUN

!This construct , the parallel branch(PBR), fo rces execut i on of
code segments l abe l ed “one ’ and “two s’ to be done at the same time ,
but not in l ockstep (FRUN signifies this) !

one: CLAY UNTL BBSY -

BBS’?.- !;

!Uait until the bus is no l onger busy, then make it busy!

0<15:0> ~- interrupt.vector
CLAY UNTL SSYN a 0;
INTR .- /;

CLAY UNTL SSYN I;
0<1S:0> 8;
INTR ~- \;
!SSYN and INTR are handshake lines!

BBSY ~-

- 
- hAG ; !wai t for “ two ” to fi nish !

!End “one ” code segment !

- • two: CLAY UNTL bg6a - 8;
SACK .- \;
IIRG ; !wait for “one ” to finish !
!Afte r the gran tine goes away, the SACK line should too !

END ;

• !This is the end of dvamaster !

PROCESS dvbmaster

!This is a device wh i ch does an NPR (non-processor request)
and is electricall y second closest to the processor !

F 
- !For this process , it does the OAT! operation !

nprb I;

!Request bus mastership - star t the da i sy chain! 

— - -~-- - _--•--~~—— -~~~~-----5--- -—-- -- - -- --- _ •5- . ----- -5 ---~~~~~ - - ~~~~~—-- ,_ -~~~~~~~
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OLAY UNTL npgb - I;

!L .Jait for the bus grant!

SACK s- I;
nprb

OLAY UNTL BBS’? -

BBS’? .-! ; -

!I4 a i t  unt il the bus is not busy then get it!

A<17:0> .- slave.addres g;
C0 .- 0 ALSO
Cl 4- 8; !This is the code for OAT !!

!OATIP is similar except the CO and Cl code is different!

CLAY 150 ;
OLAY UNTL SSYN - 0;

M SYN
CLAY 18080 UNIL SSYN .- /;
bdatareg d<15:3>:
MSYN
OLAY 75;
A<17:0> 0;
CO 8;
Cl 8;

• BBS?
END ;
!End of dev i ce B OATI ,(PROCESS cievbmaster)!

!Fo r DAT I P , BBS’? would have stayed asserted, t hen the outp u t
cyc l e  would have begun just as in DAIO or DATOB !

PROCESS dva s lave

!This descr i bes how device A responds as a slave device to OAT !,
OAT I P , DATO , and DATOB !

OLAY UNIL IISYN I;
CMP DAT I :1 — > i n ;
!If DAT ! .1, the master wants to i npu t data , go to “in ”!

ClIP POAT I :1 > in;
!Thi s is the same as OAT! from the point of view of the stave !

ClIP OAIO:1 -> outword;
!Master wants to output data to slave !
outbyte: ClIP AcO> :O ->hi gher;

lowe r: adatareg<7:8>s-D<7:3>; !get t ower order byte!
SSYN I;
DLAY UNIL ~1SYN -

BR finish;
tOo to the fin ish!

h i gher : adatareg<15:8>.-d<15:8>; !Input higher order byte!

_ _ _
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!NOTE — in reality the adataregister is onl y 8 bits l ong when
bytes are transferred. It was descr i bed this way , so that  bot h
word and byte I/O cou l d be covered !

SSYN .- /:
OLAY UNTL N SYN a

BR finish;
outword: adatareg 0<15:0>;

SSYN ~- I;
DLAY UN IL MSYN
BR fin ~~h;

in: 0<IS:0> adatareg ;
SSYN I;
CLAY UNTL IISYN -

0<1S:0> 0;
finish: SSYN s- \;

• ENO ;
END

!This ends the UNIBUS description as far as it is imp l emented !
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ansfer Level Digital Design Automation:
The Allocat ion Process

Louis i, fi at er A l,c e C. Parker
Research Assistan t As sistan t Professor

Department of Electri cal Erig’neering
Carnegie-Mellon Un,vers,ty
Pittsburgh , Pa, 152t3

mu lt ip le s er s and de m ij l t i pl e~ers ) necessary to implement the
operations specified in the algorithmic desc ription . It should be
noted that due to the charac t er i s t i c s  of the ISPL tanguage , this

• ABSTRACT mapping m a y  be o ne- to-m a ny or many-to-one , rather tha n a
s im ple one-to-one t r a ns lat ion . The control allocat ors perform a

This paper prese nts a port ion of the reg ister- transfer level slig h t l y d i f ferent  tunc lion ,mna oping the timing, sequencing , and
c omputer aided design )PT-CAO ) research at Carnegie-Mellon branching infor mat ion niplic it in the )SPL descript ion onto contro l
University. This part of the research involves the design and s t a te s , control signals , arid conditional branching signals to
cons truct ion of an al locator , consisting of a set of al gorifhms and c ontrol the data pa rt A gain the mapping is not a simp le one.
data s t ru c tures which synthesize hardware at the log ical level
f rom a behaviora l description. Preliminary results indicate the The allocator described here is a data-m emory allocator for
allocators performance compares favora bly with a human the ~ti~ lrihiilerl logic desi gn st y le. A-s we pointed out earlier , t h e
decit’,’iCr . a l locator i l - e l f  is tec li i iology independent and the mapping of

da ta Operat ,onc onto s peci f ic  integrated c i rcui t  packages is
per formed by lie ihili t , i ’ i -  mod u le , T h e  dat a-t, ase module can
be updated as new packigi ’s arc added to the module sets.  tt

I Introduction - liouild h~ u nde rstood tli.it the process refe r red  to as allorat ion
thrOughout f lue remainder of this pap er is a log ical al location in

TIme resea rch describe d in thic paper represents a portion of te rms of a generic et of data stora ge eleme nts , operator
t h e  overall Pegister-rra nst er Level Computer Aided Design (RT- prim it ives detii ic-d by lie ISPL language , data paths , and th~
CAD) e f f o r t  at Carnegie-Mellon Universit y. This is a continuing ahct r ac t  w itching tunct uons niiji tiple, and aemuitip lex .
re- ea rc t ,  pr o 1ec t wh ich grew ~~ij f of an init ial desig n autom at ion
system repor te d in [Darbacci 75]. The present sys tem d i t f e rs  The f i r s t  ve rSio n of the allocator is eaperi mnenfa l , and it
fr om convention a l C/’O systems in that the input to the system is pertorm s Onl y minor oplini i zat uo ns on the designed hardware.
a behavioral description of the hardware to he desi gned. Modules Rather , it has been designed to i l lustrate
in the yst em include a compiler for the input hardware
descr ’ptiv~ language , I SPI , and a simulator , Currentt y under The feasibi l i t y of hardware synthesis fr om an ISPL
c~ n~-t ru c t io n  is a module which se iect s  the design st y le for the d escr ipt ion
logic to be con s t ruc ted [Thomas 77). Manipulation of a data
s t ru c t u re c lerivect from lie input descrip ti on in order to optimize $ The independence Of the allocator f rom s pecif ic integrated
pr icr ’/ pr’ rtor inance const ra in ts  has been investigated by (Snow circuit  module set information
78) lbc allocator rou tines , whic h occur alter this manipulation ,
output a log ica l dCsugn which is t ra nsformed by the data—base Informa l ion ne c c ’ .sar y to the design process which cannot
mod u le info i iu teg r~ t~ it c i rcui t  chips m d  inf e rconnecfi orss. All of be -‘~ pres-,c’d in ISP)

fl ip i,,i’iit iul,.’ ,, w i l l ,  fbi ’ ps i i’1 it i Om i p1 f t p  chit ,,- liase , cit tier (died lion
iiiilu’pm iiuliuilf~ of or im ’ la t i v e to the co nte nts of the data base t The t ypes of d ila sl ’uj ct u res needed for the allocation
m~ it,ihi s e ts .  Q,ii’ of l i v -  .illoc~ t ion routines , the distributed log ic
altO c alor , is tt ie su t ) lec t Of this paper . A more detaile d overview a Dounds on the size of the SPL input description that can
of the sys t e m can he found in (Snow 78). he processed by the  s y s t e m

Exceptional cons t ruc t s  poss~ble in !SPL which may be

II Allocator Overview dif f icul t  or impossible to design or imp lement in hardware

A f t e r  lf i~ al gorith reic c te scri ption IISPI) ot the system to be ‘ T v~ es of ci ror checking that can be performed by the
alfoc at ordesigned ha~ beeii manipm.ila ted by the higher level design

ro,j li ,me to achieve the pr ice / perto rmance Ob jectives provided
Areas where opt mizations are possible in future , moreby fh ~ U’ i”r , ii us used as input to the allocation routines. The

al l oca t O rs tall info t w O  cate g or ies , data-memory and control . The sophisti cated allocators

ct a ta -m cm o ry al locators perform a mapping functi on from the In addition , the al locator has been designed as a possible skeletalalgor ithmic des cr ip t ion  to the data part of the har dware
~t ruc f ur e  for future a l locators in Order to ease the programminginiplenu~ ntatiOrr The data part is considered to c on ,st of t h e  data

storai lr. pl, m~ nts , d a t a  operators , and data paths (including Ove rhea d arid sj andard ize input/out put formats and data
structure s .

11mm resea r ch desc r tmm d in t h i s  paper was s upported in par t  In the following ctesc r ipluon of allor~ t or structure and

by lii’ (I S Army Pcsea , uf i  O l f ice tincter grant ~ DAAG29-76-G - (unction , we att , - i i ipt  to e ,t r a po la le details learne d throug h

0224 implementation into a ba- ic phui losphy of allocator design . TIm

21 .i
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pr o c e d u r e  t ei ’ ut  t y flue al locator might he compared to a t w o  for  t h e  co ,, l ru’ i l t er is ~iuOwn in f ig . 2. The PROCESS specif icat ion
p u - . -. c onipula t on, u t i  I p . . . . rn.my be considered as a syn tax  ind icates II at I here arc Iwo separate as ynchironous cont ro l
and t e a- i luu l i l y ~lic ’~ k The a i lu ic  ihor inputs a parsed I SPL cnvuronme ,i l -  pr imseui t in f lue complete contro l ler  descr iption. The

t Ic -s cr ip t  ion , or i- .f r i  it Is ut , u l a s f r sic I ~i, i’s aiialu’ugOtus in f unc b-on to i npm it arid iliut put Iii ie~ amid II icr  c liar acter  st cs are specif ied
mimI I .uiilp~ - anul c-ru Or - ‘ - - V ir ions con-. hr aunts ui’ cc  - . ir y to iumter I lie lic- ii luuug INPUT .mnct OUT PUT

ui ic u ure t h u  lit ’ il ,mh,m - t o m  u~ e Ic, a? ,O mis lOf’, ( m l  chap ping-., and
i r p m m t / o u lp i u t  ur i t i _’, l.itp ( l i_ i ,  i- l e r u s l u c s  - c u ’ - t ie d in flue de r , ipt ion

ca n be uniplm’- mu euu lest in h ia r i lw ar r -  If co e r r o r s  are encountered , it IV Allocator Data Structures
proceed s to a l locat e Ili,- D,mcu( da ta  ~lor ‘me f r uc t t u r e~ cal led for
in the descrip tion , amid any ,itldufi om ia l ulafa p a t h s , s to ra ge , and Ac si u own in table I, fhe a l locator huilrts seven ma 1or data
Ope ra t ors rmmm-5 5 .ry ho urnp lemuui ’ iut ~ ir i ,b lu -  ac e’ sine schemes s t r i u c t i u r e s  ut , u r i , u i ’  hui’ a l locat ion of an ISPL des cr up tuOn The f i rs t
sl u-- .c r hui’d my f l i p  IOl’,uc a t nuappurig m c I  of ISP). T h e  sec oriut p&, I m r ce alOnx w u l h u  blue comp iler symbol table , compr ise fhe pert ion
may be coui~~denid  as time -.cni u nl ’  plia c wu lh tfue a c t i v i t y of of l fm ~ cia h m  - t r u .ich urps w luuc h funct ion  as ymhol fab les for the
code gcne ral uoi i  ri-p laced by the al locat ion of data paths . al loca lor  The palhi g raph (tu g. 3) contains the al located data part
Opcra tOr ” . anti adet i h ionaf  slo rap,e as neeuted to implement the cit flip device a muul us l lu i  pr imary otilpul Irom the al locator . The
h u m  tmons ‘pr- c lied iii f lu e ISPL i lescnup tuo i i  I’ar ,utlt ili in anal ysis ii. pa fh fab le and pah fm paral lel ism fab le are lie major work ing data
per formed at severa l  leve ls ho w a r n  j i m’ user of er ro r  condit ions s t ruc  t u n i s  Alt f iou i 1- hi  t h e  in ternal  detai ls of these shruclures are
(a r r a y ace - - s co nt lm Isi va i  able vals ue ari b iguu ut y due to parallel not import ant , c c ’  f~min overa l l  c h a r a c t e r u s l u c s  should be discussed.
ass ugnmeril / iP et and aete rm ine corv l ra un hs re l sh ung t o

op ti,ni,at ion of t he  lua rnlw ,i re If-,” al locat ion is hen com pleted by
tim e ai l u t i t ,umm i of riuuull up lm ’x r u ’  whe re nece ssa ry

A l l o c a f , u _ i u r  i’ f if i i”’ . f r o m  c o r i upi l at io r ’ , howe .,cr , in that  in a ! tec h_ in  ic~~t t i l e  for e I eva to r  c o n t r o l
co nipulat ion Onm- ~~- , c e i ’ c r - r m i e u h  ~ i l lu .m -p lenue ’ ifung the spe i f i r t da ta
opera t ions  on a f i x e d  ulala ~ia r I  w ho- C r up.ului l i f ies are knOw,m u

pru u,rL . In abt o r a i m ,,, f l i p  aihon .mlor mu’.f he able ho nec ill and I’t1OCES~ lA I N , LOOK. FOR .CALLS
uhi lute hIm. ’ c a p a l u u i ’ l -  of a iu.m fa par t  wi - c f i  is be rg dynamic all y

n m ’ a f e u t .  il.’ ‘u’ lu u ,  i c - u  liii’, ~~ i r t ’  ‘o s. i ._? ns,,lr ’ nuu l . !, ‘~~f I rIPlIT
u e u l u r u g  i i , . -  u l u l ,. - t i ’  u , .’ u I  c - u  u . - ‘ l i i i ’  i u i u  u’ , ari d h e n  V ’ u i l i r g

h um’ mi nt .’ . ’ __i r y i l - i a  ,.illi .u nu. i  ic - u r Ic, ’ u_i iier f o r m  f lu e  —l ~- — u , u ’d iif i i u t  — icr I linK.rnrc .cni I

— 
i t_ u t . ,  u ’ i 1 n - r _u l i u uu , ’ . Iuu l iii c - l u i , II c - i  il~ - ’ i I  ci t Ihur’ i l loc -_i l u_i r i’ . m u f lue
pi’rir’ i al c a m ’ , a mi n im . .i,,ir , i r u .’ t  Ic- il g rap h, ra Pier t h a n  a l inear 

- I = eve I down / d e c  t t I
li~~l oh cOrui p i le ul uri’~l r u -  t u tu n ’. ul c i uu i u , c c- i l  I l ev e l  (lOuuim / d p i ’  f t  I

huut  l i i i  Ic - v s- I (iciuur i / e l o c  l ’ t
lIme c u - n h ’  al coi n - ph sc- r b  ii ic -u’  aih’u~~.i t iu_in proce s ’c- us fm ~

r ipe ra h rn r i  aI Im Iii hl .~ i- r u - . 1 c p,- , Ibis c o n - v h s  u I  t w o  I’ -g. 2 Te iinuca l File for LCO~ F O R CA L LS
soc- r u_u’ s , a’’ u.iper, iPur - ,u uu n l ‘ u - -  I,u l . _i pa l l - ’ f r om each ‘Ourco 10 hi’
C-p.’r alor I l i s  u _n I va’. c r c - - i - - n  as c -u p  base becau se lime
Op-’ r .mlu oiu u, . u lf i u ’ f l u -  m r .  ml - c - i l a c - - r i ( u i  be cons idered w I c - r i  Data S f ru dbumes
an_il ,- /i n i: ii, P°— ui 0 i _ c- L i pun ‘ c u r l c - i  I’ during Op ti mu laluon to
rp ut t u r c’ II in -u ru , nc -h r ’ r  i’i allot ulr -J c-n i prc , Throug hou t hr t Proce s s  T a i u ie -  Cmn e ent ry  per p rodes s  red ords var iab les  and

m m i i c iw u u u p  .c- L ipu , u l u Omn ule - u rnçu l um im u , l i -  u - r i m  u ,u f l u  will mean ope ra t i o n  i l r- f inn- d procedures used  by kach process
p a t h , w hn u i r ’ f l i t -  t m 1  mla u a ~u ut lm I c- u i u -c - n a sour u’ aimul a
ut i ’ s t u i ,a t uoiu c-c- i l l  b - i - u - r u ’ ,  m i - u i  ci c-u’ a i - .. . 2) C,ulIi’ut Proct ’cl unn’ T ,,iulp: one e n t r y  per mid -ned

ç ur Or  ccli ire , rc ’ro rds procedure usage
1 hr. ili- f a u h ’ t n h , ’ ,  i ip t i nunn of Il - p allot c - b r  w il l  focus  on the inf o i n ua f uo n

a l lOc afn r  - ‘ ‘ p - i l . , - i . . . I r n u t  u r n - - . , ‘ ‘ p - n  II m u d ouu t puhs.

il Allot alc i r S c - v I o l  l i i i -  0m~ ’ t ’ nf ry  per iub oca l cd  c-urnahle
I - -P I c - i - I c - s  ‘uip ul~ c-nd outp uts  I Contains

Ill A lloc rifor Iiipuit- ~ ph) s c  a l t  l i c - rac le r i s t  c c-P the var iab le

ihue ur m e. uu ’ y n m l u u i h  us l i e  u _ m i n - i j m m l c - d  I~~PL d i -s c n uptuon , mi f I ne 4) (ippra t o r  Table :  pe r fo r ms  symbol tab le funct ion Icr all
f o r m  cit , u ’ . _ -rmn liuil h. u l ’ l u -  ,,uu ,h a ‘,t , u l i - , , u eu n l lahlp. Thu-s input us a l locate d opera to rs
auig ment r ’th wil l , uiitc _u r u ,i’ lun ui s u uçu piii-t l b u y  hli e u i - c - ’  un hhe fo rm of a
‘tu’~ hnuc al l u c  lii’ l i l t -  con t a in ’ , t w o  t ypes of in format ion 51 Path Graph: graoh repre sn - nhatuon of the data part .

Contains all a l locate d variables , o perators ,
* Gl~~hi,l (cu u- uh , ouu  , i tu ouuf t Ine ir r :  r - p tu o im -which ca n not he arid links

spec t im-c t  in I~.l 1
6) Path Ta Imle : pm- r pm ~ t cc - s  r eco rd  of paths used by the

* In te r  i c- i  o nil ci , s I n - i  to lie pa- n i l  ho t h e  mo tute data I,a’e lSl’L desc rup f  ion
Ion ‘ m r - c  f uor ,  u_il - l e d  It  IL. - . liii’. ,iu lO r runaf on de~ cr uh , c  — the
dr ’s ur u’--l  ogid uI uiuuc l c - I c c - t n t  a r tu , i r ac c ri t ics ol the inputs 7) (‘all_ i liar allnhusrni T c - r luler per process record of
a m u mt c iu i tp mi h s  of Ihir’ dr- . ‘u ci bc-m eg c- l lo c - u t r -d .  pa ra ltel isni described in the ISPI. descriptio n

A ‘.rnmal h port ion oh f l -c -  I~u PL i be ’ c r i p h uc u i u of an eleu,ahor control ler 8) Compiler Symbol TahIti :
is ‘. t m n-w n c -r i tu g  I , ,- l i i u - , wu fb r  re lc ’ - maiml por luOn of the compiler ~ inputs from ISPL compiler
symhol Ic - h i t -  ant I s t a I r s , ,  c f f .ml i le Thu s fesc nuphu o n will be used as 9) RTM Slaf e m m’nh Table:
a running e x a m ple mu du c - c r u t u un g f lue al locator . T h e  hec fun m c al file

Table I
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TTLiTTT 11111 lIT I T ~IIIlT T ~~~

INDEX LABEL FLAG OPCOOE DEST SOLACE1 SOIc-PCEZ PEaCE PAT ~mS

Oe ciarat i o n . far Si’.gi...ie na*or.uontr ol i S 8 ‘CL EAR ‘‘SCAN.F’
I 33)

ca,’, )i o ar= 2u 8 , i f u 0 a ~ car - g  on 6 ‘NEX T. F’ I ‘SIIERGE’
sar , c a i i I h S u O f x t  c- 9 u pon . 1 bit eacri u/d I 30)

‘sacro ioo. f ioon , 7$  7 0 ‘ISP ‘ 4
12 8 • I F  ‘UP.CAL’ 13 13 .11

I 371
C]e~ iam ’a tion. fOr Look. * o r ,Ca l i I  m 11 0 ‘COi~ ‘‘STRaAC’ I’SCAI4.F

I 52)) 4211 33)
ncan .*ioornZ:8 , m scan i nputS fre e 8 floor , 12 8 ‘ .iRITE ‘‘CAR.CA’’~ TRAAC’ 1
uip.0~~ii - . x ‘input used ic- lth scan I SI) 521 1 621
do , .n . Ca ) ix .  input used ii, *4 scan 13 8 ‘SlIERCE’
i,umio nxn i npu t c-ki d ~~~~ scan 14 0 ‘IF ‘ ‘OOI.JN C’ 17 17,15

I 151
mi d de clw’a tu on g *0.’ Lose. *o r , ca l i e  I 55 8 ‘COIC ‘‘ TRAAC ’ e’SCAN , F ’

i 521 ) 41)1 331
Look. fo , , c a l i s  .. I 16 2 ‘115111 ‘ ‘ C R CA . S t *A C’ I

I Sl i  521 1 421
!fioor.c ~n co nt m’O i e u l t m phe.o r l ic-irons i nput, 17 8 ‘SlIERCE’
i 41-5 145 c a l l  puilions. The oic-iput. 0* lfme eui t lplesor g 20 8 ‘IF • ‘BUtTON ’ 31 31. C
m are upcali , dou ncal i . and button I 31

0 ‘CTR “STFAAA ’ ‘CAR.FL’ ‘SCAN. F’
Ican , f i x e r  — 8 nest I 4 711 SIt 33)
Ni,,t .floon’ . —  22 8 ‘9RANCH ’ ‘ ST FAAA 38 23.26

u mc -p ca li al acannid floor 7 I 47 1
l I P  uc - o.cail ., ~~r,nahII1.,can .fIoo,1 1) ,,•~~ 

23 0 ‘COlt ‘ ‘ sTRAaC I’SCSN.F’
i 5oun t a i l  .1 scanned )ioor 7 I 52 11 ~2)l 33)
i l F ujo,.n ,cali —, ~ar,cailI0,,can, *h oor) — 1) n.,,t 24 8 ‘I.RITE ‘‘CAR CA’’’XTRAAC’ 1
butt on n car pulmied for *100.’ 7 I 511 521 1 42)

1f F button .. I 0 ‘ ,X] t N ‘ 30
dec ids ic- st ifler ic-p or asic-n c a l l  26 0 ‘COlIC ‘‘STRAAC ’ o’SCSN,F’

OECOOE ca r- loon CTR scan, flo or So i 52) 1 4 1 1 1  33)
car ,ca ImIl •scanm.f ioon ’ l — 1, 27 8 ‘LR ITE ‘ ‘CAR . CA ’’~~T5~~C’ 1
car ,cau I lOencan . IIoor I I 5) 1  521 1 421

II cen t 32 8 ‘SZTERCE’
scan .flaor — ,can. fioor • 1 cent 31 0 ‘SITERCE’
h F  scan .Iloor LEO iep.* Ioor ,, .ne ,.t.iioo.’l) 32 0 ‘INCR ‘‘SCa N.F’’SCAc-$,F’

!fean . hi a ll floOr s ,conn.di otfm.rui .. look a t  fleet f loor I 33! l 331
m’f lnt  iook. for ,c a uls 33 8 ‘LED ‘%IFUA’’SCAN ,F’ 7

Ii I 47f f 33) 1 441
34 8 ‘IF ‘ ‘~ TF AAA ’ 36 36.35

I 67)
3S 6 ‘J~IN ‘ ‘NEXT.F 6

F g.1 (a) I SP). Sound Code for LOOIC.FOR .CALLS I 33)
36 0 ‘St~ RGE’
37 0 ‘f~lP ‘NEXT .F’ S

I 38)

Fi g .1(c) ISP). Coapil..’ Sta teean t Table f~~ LO~~ .FOR .CALLS

u NPIN TyPE FLAGS DEE ~,K LB). BCNF ICNT PNATE U0R0S12115 ,NA1TE IPOSITION I
3 2 10000000 0 8 0 1 1 ‘ButtoN’
5 1 10000008 8 9 a za ‘CAR ,CA ’ 181171, 571 011
6 2 10800000 0 0 0 3 1 ‘C AR.Ft,’.1121 :ZlOIo

IS 2 10880080 0 0 0 1 ‘O~ ,2i.C’
22 4 18001100 0 S 3 0 0 ‘LD~~.F’
39 4 10008109 a a s a a
33 2 18090809 0 9 5 3 1 ‘5CAN,F’oOt2t ,2(Stx
37 2 19800009 0 0 a 1 1
41 3 seaoooat a a a t a a
42 3 18088091 a a a I S 1
44 3 10000081 0 0 9 3 0 7
4 7 10 18000001 9 9 0 1 0 ‘STFAAA ’
52 7 10000001 9 9 0 4 S ‘STA UC’

Fi q. l lbt ISP). Cceoi ior 545401 Tabl e Is.’ LOOE.F~~ ,CALLS

‘1

L. ~~~~~~~~
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Omit i  to f lit’ d i v e r Tm ty  ,‘lild quma nh u t y  of inlom’matè on requ ired by arc  e s - i c - u  in IIio p i t h  L1raplm Thu s rcl,i he~ varm a bles in the ISPL
the ~IIo~ ahor , ar_ it t l Im e ni’onj to ,ucçe~ c-. lhlvc- information in a v a r i e t y  RTM code to Ihe a blo cal ed c lO ra Ee loca t ionis fl t h e  logical design .
of o rc t er im _ ipC w i th a v c - i ruety Of hucyT , the data structures are
heavil y cro~~ re fc rc ncec i  and co n lau m, varyIng amounts of TI,e al loca ho r now beEun. pasT Iw O processIng . This us
rc’ clttnclanl mn lo rmnialmo n. Iii pa r lmcu la r it may seem that the path pe rf o r rmor ’c l t iv proce~~ , w i t h  hardware  a hloca lmo n and optuon ab
h~~bIe anti pat t i  gr im phu ar e  highl y re mJumrit ja nt. I-however , the grap h Op l mmm z a hi or u  (in f im lure ve r~,mo nT ) per formed mnciependenh l y for
s t r u c t u r e  of f l u e  palli ~r ,oph makes palli locat ion in the g raph a each_ i  p rocecc The a l loc a to r  oblauns lIme starhm r i g point of a
com h u nia for mab probleu nu . TIm e path al-Ic prOvude~ an a l te rna t i ve  proce~~ in floe PTImA 5t a tm 1mnme n l table and per fo rms a stafe rnen l  by

‘ 
Organuza tmoni  which rpd 1mceC the locat ion of a pat t i  to a linear s f , m h ~ rmiero l alf oc itmom i ol IIoe Imuu k s , ope raf ors , and lit rueces iary )
°,ear ch and f a c m l i t a l e s  o p h imm c - ,u t m o n by bcey in~ on the opera hiori  len u p ora ry ~t 0ra~ e ruc-eded 10 mrrup le nnen_iI Iloc Operat ion . Allocation
and it s sourc f ’c. Iii ~ener~ l, lie diver~ m l y of sl ructures enables of au PTM s ta tement  beg _ ia wmhh an e oamuo m n a tu orm of the access
fhe al localor 0 e f f m c m m mu l l y locate unlo rmat ion and relate ml to bolh poInter -c - of he cource iaruab lc ~. A check -s made f or ar ray
t h e  original ISPL ut e Lc r mpt uon and the ablo c ated data part .  memory acce v~ mng coni f hu ct ~ ml bob’ co i mrces are shored mn ar ray

s to rage  and, ml needed , a le mpora ry us allocated ho hold one
A rough meacture of t h e  complexit y of the data s truchures can ~o mj rce wh ile t h e  OIlier ms accessed. Mfer the necessary

ho Obtain ed in Iyr,n~ of flo e examp le ISPL descr b pfm on, The Operafuon ri ho mals e the c ourc es ac c e~~ ib ie have been determined
proc cc c LOOK FOP CA LLS co nhc- ins I 6 RTM operations in the and any required Imnl kc au rd sto rae e have been entered in the
compiled ISPL cod ’ requiring path a llocation , and 6 variables - pat i o graph, fhc p~ l f u table mc ac c cc ~ ed to determine if the path
Althoug h floe comp le n ut y var ies due to Il_ ic dynamic creat ion and ha~ hem_ in pr~~a io iu c J y al loc a ted. If t I-i~ s , i t  us reused , and Il_ ic
cll_i I t i fm o n of yome ‘ t r , i c h u r c y  and us alruo highl y dependent on the _i~oc ualed o per ato r  mc ex pa nd ed c - n ‘Si ze c - I  neL ‘ ~s a ry If the palh
degree of pa rabclur , m c-nd the number of repet ive operations ~~~ p01 been al t oca lech , the r’eceTc ary lin6s and operator are
present me the des c ruptmo n , approximatel y 55 words of storage entered me hf_ ic path g raph and the pat h is recorded m e the pabh

are use d per line at ISPL RTM code , and 45 words of storage per t~~hle. An ana lys is is now made ho defer- ri ce (he a p p ropr i a te
var iab le  ctc s t i na luon , based on If_ ic d c r lmrmahiO n spec mf ued by Ihe statement

tal,Io entry ~tict the c t _ i a r a c l e r m c t u c s  ot the operat ion sources.
lenmo porary dc~ t , nn a I m o ns gcner~ tcd by the ISPL compiler are

V Altocato r A l gor Ithms remov ed at l lm u c  pounl arid, ctcpendur’ g on (he s tab i lu ty  of f lue
operah ion sources , t h e  operat mon result us e mI l _ ic r  hell at It_ ic

The a l lo cabo r begins by esaminung the variables and logIcal Op erator  oulp um l (or c tmr e ch cascading ho lhe ne nt  path-i (as me a

map pin g s t tm -’cI ,urc’c t buy lI uc ’ u u 5 m ’ r lo .ee uf fhu e y can t~e imniple m ei_ i ted combinat o rial logic nefworlij, or gafe d to an allocator generated

ru h a r ti w a r e . A comple te  c les cruptuon of Il_ic cO nstraints imposed te mporary
on mapp ngs m ~ n,d fl ue ,mpl em nen it,m tu on of array mapping access
sl ruclt ur e~ is mnct uct cci  ru appendix A . If rio co ns t r a unt  v noI a f iom _ i~ 

Te mpri r iu rmes Cntnn ra led b y It_ ic ISPL comp lier are useless to
are c le f es tu _ ic t , th u_i uIlot~ulor proceeds ho break the ISPL Il_ ic allot ,_ ito r ch um_i 10 a gerue rafu o n and mm- c- age crmfer mo n which ,

niescr m pfio n into pr occ ” ’ es  and conslrucf the lt’ure~ adt im% iona) t h~u0h adequxlno b r  cimum latm o n , u s un-u’iuilahbe f or hardware
symhol fables um setl inn (h ue a llocation . The importance oh Ihis impl ennem uf c- lion. The allot c - b r  generates temporarmes when e l  her
breakdown is c hc r iv em - I f rom the tact  that eacf _ i  process represent s so ij rce could change boto re Ihe operation result us used Cases
a sepa r a te  ac,ynchronous control  environment If there are no whe re this might Occur arc
s hared resources , this presents no pru,~ lem . as each process can
b e  f r e~ f ech in essence as a se par af e device descr ip ron and a Embher source us shared between two  or more processes
allocat ed inclc- penchc rifl y. T h e  exi s tence of share d variables or amuc t thus us suhlec l to random change.
pr ocedures , h owever , Introduces several pr oblems. In the case of
proced ure’ — , the al locator is capable of two actions It ca r_ i absorb * Eit l_ ier source is an array memory access This is necessary
tI re proc r- t u,-e unto e~ c bu process by creating a separate clue ho the tac t that ml is mmoossc - bIe ru the generol case ho
boc - rdw a r m’ mnca rn .,f on ol the procedure internal ho each process , know if b l ue va lue in the MDI7 will change without extensive
or it car _ i  t r e a t  li e prodnot iu ro as ml nh were i tself  a separate processing. A worst  case can plausmbl y be developed here
proc es s  ,mn d c- lloc ,,fc’ c - m i n’cle pr_i mrcjc ’nh hardware incarnat ion . For whi rl_ i roq uc- re s ui c - fah cm em u f looh c -a l_ ieacf , a value f r a ce of
I Inc ‘.m ’c ciniml at h,c un r , ,,cr i’ ’c - to It- n pm occ-cl ure would h l_ icn he hh i~ MAP anti is ~fu l l  unnlcci ct ,ubIe without v iolating the

cun tr cnifi ’ ih liy em a- - dr i lm om n ~hr imc lure mc - cmlosc q ime nt l y createt i  by t l e f mm nmf mo n of flue SPL parallel at fuOn construct.
ftn e con n t rc u l ,_ il lot ilo r . mu fli p cas e of v u rm a b les , flue acce s s
a rh nt r ,tuon st r i ic t i i r i ,  would c - g u n  be created by the cor ihrol * Either source is a temporary storage locat ion al located nfl a

all ocator . llowi’-i m_ ir w I l m m n  the contro l  con tex t  of a given process pr~ vnous inchructi o n . The j ustutucal mon f or tnis condition us a
the varlal,Im’ mmi ’ ,h lie reg _ i r .lr’cl c --c - subp_ ic t to random change due comples comii bmnat ion of pr oble m s -n flue ISPL language ~nd
to  a c c es 5 e c  by oIlier pro i - e r-~ es . This will b c -y e a strong influence problem s inlern al to the a l locafor , re lating again mainl y ho
or’ fc ’ rmi por a ry ~fo rag m-’ al locat ion problems mn d m_ i ternmim imn g the stabi l i ty  of the temporary

over parallel opera f  ions,

t l pon conup le hun g f l mp process hreak ct own , the a l f oc af o r
init ia l izes lIm p- p ,_i h fm g rap h by pc rf orn umn g I_ ic af loc ah ion of f lue base Whtin f lue ctes t u n iahum, n has been ch uoren , blue necessary lmnk is
vc- ri~ bIc ct a rc -g e t’ i(_iuiu(’ mu t y.  Sunc e SPL cIDER not require exp li cut c rea te d  in the p,_i b li graph and any f urf b_ ier operat mono necessary
memory ~rlctress or t I c - h a regis fe rs fl_ ie~e are at ”o ass Ign ed and to ~tore the destination , me a rray stora ge are deferm ined and
alIoi’al ~~t t . II tt up’,e reg is te rs have indee d been explicitl y speci buod pertormed if they arc required ,
in f lue ISPI , t h i s  c an he readil y ascertaIn e d at the end of the
a l loca t ion  and flue allo t c - fo r  MAR and MOP deleted. A l ter  the basic Several  ~pecuc - I cases are wor th mentioning Sublield accesses
storag e elements have bpcni al l oca lcci , the hardware necessary ho of v~ ri~ hIes and logical r-n- 1~at ion , wh ic h are operations Ito the
implrniui_ int any array rum~uppung ’i us a l located (again , see appendix ISPI RTM code , do not require the full processing lust dcs cr m bed ,
A ) - Pus~ one p r ocess mn r ~ us completed by the c rea t ion  of htm l are h andled by m~uni puilc - t uOn of he access pointer S The ISPL
st~ uit iart tm ,et I at c c - ’ ’ . 1 io mm mtu-r - . b r  each en t ry  in t I_ ic compiler cont ro l  Ooc ’ r ah ,o n s u - m eg r ial a valu es as c omn d mlu on a l s  require Onl y

symbol Ic - loIn nn ctm c - llmnf ’, w l m e r m’ ~rud how the entry may be tie ‘ o m i r c e  proc es ’ - m n 1~, so f lo at  a po unte r can be constructed to
allow the cont ro l  allo c,_ ilo r to access the d ,o ta value. Finall y,

2 17
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o)u( r . n l m u m m ’ . u o n u nm mi m nn l y ,iv a , t . u l m h m  it rc ’ gm ’ .hm ’r t imiu ctmo , uc
Cust — I oh i1 c l imp t osl ) I (S3 over l uead /c hip)

(unit / ihi’( ,t In ’ .ir ,’ l m u t t - .l mr t’ n i - (  c m ~ iumiemI a,ud blue required lut uction is

adili’ mf ho lh m m ’ r m ’ g n - . t m r c t r ,u n ut Ii’ r is l ic s . Omue c c - u i  ‘ - pc ’ t l m .ib bloc ’ cost  of t h e  aiitonualed design fal l s within

A f te r  e,iclu ‘h, ili ’u imei_il is processed hf_ ic path crealed is tue .c - n -m u n-’ Ort tn ’ r of nuagmni t i ide u_i. It_ic cost  of desi gns produced for
thi n iI.— ~ignu m’ n p u r m n m m m m u l , w ul l u no ‘.igrui fi anf optim ization on thec f_ i i~ckud .1b’,, m mum ’ -. b ill mi l l m i ’ r  p,ullnc mu misc con currenl hy. Parc- I l l—I part  oh (hue c - bloc a fOr .

ope n -c - l ion - ,ir e rec o r ik -u l  in th ut_ i palh parallelism fable , anti f lue
user us wc - r r reil cit c-ny in - r a y rume unmary or regis ler access conf l ic ts
or ,urmih.p,iim tum ’~ lli ._il num p hI occur.  No more than a warning can be
g m ’n u r ’ r _ i t c - u l , l m m m w m .r’ r , c- l Ime a l locator cannot de tec t  Vi i i  Cor_ icluslons and Future Research
sy nc b uro n- ,’ah uoo rnec luim nicms - .p e c i fm e d by Ihe user in the ISPL
d r-scr ip t -on w l muc h n could resolve the anubugunh y or conf l ic t .  ( hu e encouraging restmib ~ described here ha-a c led us to the

hollowing co ncl u sions
At Im ’ r a process bias been ,_ i l l o c ated as described above, tine

path grc- p lr co n l ,_ imno~ a no rs t ca- -c al location of tf _ ie process n * Ihe bas mc exper imental  allocator described here will functmon
hem s cut ope rator ’ . c-oct temporary rc-g usters.  Optimization can be successfi.mll y as l i e  bc -se for arm expanded allocator wuth
pc rborr uucd here using, Ihe paralle lism mn lo rmatior o and path opf im iza lioni cc - pabi l i lmes
al Io c .u b uo n rm ’cc - rd ’ i  li_ i r rio r - m I ubi l run g t o e  a l locat ion of the process.  As
an enaniphC oplur -mum z c - I - or _ i, comp ression of heniporary regis lers us * spe ufmc mod ule sob mnf o r mat io n us not neeoed to produce a 

ml mv . mng blue c rm le r uon  “combine fhe reg Isters it lb_ icy are non-oplumal alIocc - huon
cOm np a tm l ui - ’ mu s izr_i annul rio par.uuit’ l or sequential usage coot m d c
~ - r m c t ” , -‘ 11cr blue optirn u zaf ion rout nes , the path para ll ebmsm table the size oh tb_ ic ISPt, de scrup t mon which can be handled

is c leared  m d  bli p - pa l h u Ic-hIp sc lec tmvel-y  purged so that these depends Onl y onu Ihe amounf of core available to the
strut lures do not heroine unmanageably large, al locator

A b l e r  all proce ’  ‘-e s brave been alloca ted , mul t ip lexe rs are * blue allocator cc - n d e fec t  user constructs in- i the ISPL
c- bloc c- led w luere ncr- th en- I c-mud bl ue allocation is comp lete. descrn ph ion w i _ i - c u  will proDuce comp lex hardware or

unreliable Opera t ion

V I At t ocator Outputs , In adcl i tmoo , we have concluded that a large portion of the
comp le m mm fy of tI re ,u i l t_ ic c - ut c ur is due_i to

11mm’ pru im_ iar y omi t rum uf  oh blue ah bo c a f o r  us Ihe pc -t hu graph , w hu uc ho 
* TI_ in abi lit y bo c - Ibm_ic c - be muhf i ’p r ocess  ISPL descriptions.

5 used by fl ue ej,mt a ba- i_i riiouh iil e un con1uinchion wi fh the allocator
syrrut uo l b ,iIuIm_i to mo p IC’ s 00(0 blue logical ,olloc iuhion. T b e  allocator

* TI_ ic lack of a ane-to ’one correspondence between 1)_ic
also p r o d u c e s  a dun-p of f l ~~ ‘na1or mn he rnal fables Ion- hhe user. ronrmpileu b tIM s ha le m e nt table operations and the act ions

nc c c ’ 5 ’ c - r y  to pe n - lo n e these operaf l on s in a hardware
Ic me of nb mci mu .

VII Altocator Performance
* The avai la bm i b y oh t h e  logical mapping facil i t y ri tSPI..

T l_ i~ allocator descrm l , rmc f hum_ i re is current l y undergoing besting,
‘0 f lue r e s u l t _ i ,  p resen t e d  lu c re c - r e preliminary. At~o the actual (uI t ur n resu lts will m nic l im c fe a mm_i re e n (e eSi v e evaluation of the
l_ i c - r c t w arp us ho hi’ alIo~ a le -b by lire modmule da ta  base , wh ich us ai lu_icalo r pe rbo r m.r n m c c misiri g T l_ iom ac ’ ciesugn sf y le eniper memuf as a
curr m ’ m m f l y in hum ’ t l c ” u g n _ i  ‘ t a p e  Ilm_ iw r ’v e’ , by pe r f orming a ham _ i d yar c b ’ c - t m c k, ann con ioc - r i ’-om i w i th  Othe r i an-ge, multi-process designs
,ulloc ,_ihir in i_it IC ~ i u m p ~. onto he pa ll_ i graph, we have obtained c ur re nh l y um n utci r cons b r u c t -o n  at C-MU.
prr ’ hir - r u im r ,iry r m ’ ’ . u i i -  l Im b ~PI -im- - . c r i p t u on u .enl wa s part  ot Il _ ic
dc gn ‘c - I ,li_i erpi’ r iu m i m” r_i l <le’ .c rmh,cul  in [ Thu ‘ c -s 7fl, w I n c h
p rOv u br- -. a cu _ im nf r i_ i l i r - r l  r , x c- . mi r I ’  01 hOw well h f ’  a l lu c afor  p e r f o r m s  Appendix A Mappings
in re l a lu ou ’ lnip to h u m - u r n  ib rS i .n,rS The r e s - i l t ~ c- re shown in
batik- 2 l Ie  dO ’ .i h i u n - u”, f or the a l loca tor des-go we re derived The ISPL ic - r uc- -.m ,,m’p - co m I c - ins  a generali zed logical mapping
usm m’g (bioni c-u s ’ co st i. - b ium u ,uli_i Ic - c u l l y allowi n g (lie i m d’ ’ to f~ c ha r e  c- logical c- c - r mab le in terms of

a pr r ’vuou - ’ l y d ec ua r ed ph y ’ m c c - h  or logical variable, The onl y
__________ - np-c - t n - i c  t i th e u mn_i pos eub by flue ISR co mu mp uhe r us that the physical s i ze

( to ta l  h_ it ’d of ear hu side of blue declarat ion be equal . For mappings
Cost fm_ ic dc - la  pan - f  of process LOOK .FOP .CA LLS as imple mented for whm ’ re blue mc-ppi’rl yc - r u ,_i h,ln’ c - ’ ,  d ec la red  as a register t ypeTbuo mas ’ rbr- ’- u gru ex pc r i uxr ’u t v a r n ,_ i l u le, t h us r e . ( r u c  h o n  us s u t t u c i c r u l . When the mapped variable

i’ de c lared  as c- ru ,-m r ’ ay  s t r u c t u r e , however , ac f d m t ionc - b  r e o f ru ch uons
mt u ’ ,l he impo s ed 0 un s ure th a t  a reasonable hardware

De-’ ugiue r t O: 532. 49 Designer 5: $7 145 um ru ph r ’ m emm t c - tu o n of blue mappimn 1m, can be cr e c - f ed.  Consider t I_ ic
- following ca c-r iup le mnu,ippunp w h ich cul l  be used to define Ihe

Cost for t i c - t a pa rt of process LOOKEORCAL LS as implemented ter m s u’.ecf no t b_in-’ equat ion which defun ues the mappingfrom al loc at o r pa ll_ i grap h s: const ra in ts .  T Ine f i rs t  d ec l a ra t io n  is t I_ ic physical (base)
ciecla rahion , c-nd tIne second is hue mmu c- ppmng declaratmon .

54 7. P3

A I [O:l$.9,14 : t 5]’O.7_ i
*Th e s,,mp ~iihset of blip- IlL chip t i rn _ i m l y used in the dc~i gn AA ? [ 5,~ ,I 2 J ’ - O l 5~ - - A I [ O c - l ,3.9 ,l1 15] mO :7’  ierper m nue nuf w.is usc’iI to unmpl pmmm cnt t h e  allocator palh graph .

On line tIm e follow i up I en- nec-
Ic- mImI c 2

- lit 
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mamn dec la ra t ion  : :— declaration of A l With these def inif ions m any mapping sat isf ying the equation

mappin g prim a ry :~ hell hall of mapping declaration (ac t r~ • A ) T d  — c-tin- 5 where S — (bO ’, t (-d) ) - bO~ —
IAA 2 I c o ns hant and T is the lo gical ~h m f t

op er ahmo n 11d b s hu b f  us pos i h u v e
mappin g seco n dary ::~ right h alf of mapping declaration directi onl

(A l l  lmnoay in general be all of the
main declaration or a subset of can be mnrp temenled wi t h  at mosf an ,idch ihmon and wired shift in
blue actmlressuiug space defined by lIme c- mcl c ir ccs pc- o ll u , a m u m ih ip leoor / i lc m ultup iexor pair ho provide the
Il_ ic main declaration) necessary gat m mig m b  c-mud Out of Ihe MOR ot the main def iont ion

vc - r iab ) le, c-nd, Ion- the case w h e r e  bif cn t ~ > bilcnf 5, a MOP for the
hifcnt ~ :: “ bit size of primary word (16 bits primary declar a t ion h o assemble the pru mnu ary word while the

in Ib is  eac- inple) necessary number of memory accesses are made in the main
memory.

h.tcnt , ::~ but size ob secondary word (8 bits
in this example) TI_ic path grap h representation of the example mapping as

al located by Ih*_ i d c - h a nunemory al locator is a f tache d as fi g. A — i .
d c - c - — hg2 (bitcnt~ /bibcnt 5 ) (1 ru this

examp le) References

bOp c - c - —  l owes t  a<tdre ss of primary (5 in [Barb 75] Oc- rhacci , U P ,, Sieworek , OP., “The CML) PT-CAD
this example) System: An innovative Approach to Computer Aided

Dvosi gn ”,AFIP S çonleronce Proceedinp,~ vol . 45 ppb05 c - c - ”  lowest address of secondary (0 in 64 3-655 , 1976.
this example)

(Thom 77) Tb _ iom as , DE., Si ewore tc , D.P., Measuring Designeract r~ ::~ address from primary address Periormance to Verit y Design Auhornahion Systems ”,
space Dcs~~n Auibonnuahon Co ntere nce Proceed mnes~ !QL J_~pp 411-418 , 197 7.

adr 5 ::— address t rom secondary address
space [Snow 78] Snow ,E., Siew orek , D.P.m Thomas , 0.1., “A Technology

Rel at ive Computer Aid ed Design System: Ab s t r ac t
Representat ions Transforms and Desi gn Tradeof fs ” ,
Oesi p,~ A utomation Conference Proceg~~ g~, vOl . j ,~,,1978,
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APPEND’t X IV

The PDP—8 Design

This section contians the PDP—8 ISPL description, a block diagram

of the allocator output and the Chip Count for  the DEC and automated

CMU PDP—8. THE CMIJ DESIGN IS PRELIMINARY - IT HAS NOT BEEN

VERIFIED AND THE CHIP COUNT IS APPROXIMATE . 
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POP8 :— (dec l are

The basic POP-8 instruct ion set , not i n c l u di ng the ex ten ded ar i t hm e t i c
1 element (EAE) option. I/O instructions are limited to those dealing

with the interrup t mechan i sm

!** Memory.State o”n’c

M\rlemory (0:4095) <0:11>;

!** Processor.State **

I ac.cO: 12>;
L\L ink’c> :- lac<0>;
AC\Accumulator<0 :11> :— lac<1:1 2>;

PC\Program. Counter<0: 11>;
RUN<>;
I .STATE <>;
I .REQUEST-c>;
SUI TCHES<0: 11>;

!** Instructi on .Format **

i\instruct iori<0 :11>;

op\operation .code<0:2> := 1<0:2>;
ib\indirect .bit <> :~ 1 <3>;
pb\page .0.bit<> :—
pa\page.address<0:6> :—  1<5:11>;

IO.SELECT’cO:S> :— <3 :8>; ! dev i ce se l ect
io.control-’cO:2> :- 1<9:11>; ! device operation

IONP1<> : —  io.controkB> ;
IO.P2<> : —  io .contro l<1>i
!O.P4<> :. io.control<2>;

sma<> : —  i <5>; ! skip on minus AC
spa<> :~~ 1 <5>; ! skip on p o s i t i v e  AC
sza<> :— 1 <6>; ! skip on zero AC
sna<> : —  1 <6>; ! skip on AC not zero
sn l <> ;—  1 <7>; skip on L not zero
szl<> : —  i ’c7>; skip on L zero
is<> :— 1 <8>; I i nvert skip sense
group<> : —  i <3>; I microinstruction group
cla’c> :— 1<4>; ! c lear  AC
c ll<> :=  i< 5>; ! clear L
cma<> :— 1<6>; ! comp l ement AC
cml - ’c> :- <7>; I comp l ement L
rar<> : —  <8>: I rotate right
ral<> : —  1<9,’; I rotate left
rt<> : —  1<10>; I rotate twice
iac<> :. 1<11>; I i ncrement AC
osr<> :~ 1 <9>; ! logical or AC with SWITCHES
h I t >  :. i<10>; ! halt the processor

‘--I 

-..~~~~~~~~~~~~ --~~~~~~~ -~~~~~~~~~~~~~~ - --~~~~~~ ~~~~~----. --- -~~~~~~~~~~~~ ---~~~~~ --
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!** Effective.Address **

sk ipiz>;
Iast .pc<Bt 11>;
eadd\effect i ye. address<0: 11>;

efadd :- (
(Decode pb •>

eadd .-‘~ø~ø~ e pa;
eadd *- last.pc<0:4> e pa)
Nex t

(I f ib .>
If eadd<0:8> Eq i #001 .>( M (eadd] ~ I1(eadd) + 1)) Next

eadd 4- M (eaddfl);

I nput.output : — (
(if 1<3:11> eql ‘080008801 =>

(I.STATE i- 1

(if 1<3:11> eql ‘000008810 —>
(I.STATE 4-0))

skip.group :-(
skip ~- 8 Next
(Decode is -,

(( If  sni And (I.. EqI 1) ~~> skip 1);
(If sza And (AC Eqi 0) —> skip ~- 1);
( I f  sma And (AC Lss 0) —> skip m- 1));
(( IF( gzl and sna and spa) Eql 0 —> skip ~ 1);
If szl And (L Eql 0) —> skip .- 1);

(If sna And (AC Neq 0) —> skip ~- 1);
- (If spa And (AC Geq 0) .> skip ~ 1))

Next
If skip —> PC ~- PC + 1). I Skip

);
operate :-

((Decode group -,
((If c i a  —> AC ~- 0);
(If d l  = > L 0) Next
(If cma —> AC ~- Not AC);
(If cm l —> L .- Not L) Next
(If iac —, lac ~- lac + 1) Next
(Decode r t  -:“

((If rai .> lac .- lac 11rI 1);
(If rar —> lac ~- lac  ‘Prr 1));
((If ra —> lac  lac um n 2);
(If rar •> lac  .- lac lm rr 2))

(Decode 1<11> •>

( ( I f  hit B> RUN ~- 0);
skip.group Next

L _ __ _ _ _ _ _ _ _ __ _  -- - ..-- ~~~~~~~~~ ~~~~,—, ‘ - -.~~~~~~ --
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(I f cia -> AC .- 8) Next
( I f  ocr a> AC s- AC Or SWITCHES));
(If c Ia -> AC .- 8) I eae group

execute :a (

EFADO NEXT
(Decode op ->

AC ~- AC And l1 [eadd) ;
lac ~- lac + (1(eaddl ;

M (eadd) .- I1(eadd] + 1 Next
(If M (eadd] Eql 8 a> PC PC + 1));

rl (eadd] .- AC Next
AC .- 8); -

(tI teaddi .- PC Next
PC ~- EADO + 1);

PC eadd;
i nput. output;

operate
) )

era I ced
!** Instruct ion.Interpretati o n s’r*

star t :— (
I 4- i1(PC] ; laet .pc PC Next
PC~~~PC ÷ 1Ne x t
execute Next
(I f I.STATE And I.REQUEST =>

MW ] .- PC Next
PC 4- 1))

NEXT START

_ _ _ _  _ _  -.~~~~~~~~ - .
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DEC — PDP—8/E Chip Count

The following chip count was taken from M8300 “major registers.”

(TI
Part # 11 TTh e~ uiv. ) Quantity Function

7400 3 Quad 2 input NAND

7402 1 Quad 2 input NOR
74HO4 2 Hex inverter
7420 1 Dual 4 input NAND

7430 1 8 input NAND
74H87 3 4 bit true/complement

7483 3 4 bit binary full adders

84151 12 I of 8 MUX

74153 6 dual 4 to 1 MUX

8271 74194 15 4 bit universal shift reg.

8266 74157 8 Quad 2 to 1 MUX

8235 741187 3 4 bit true/complement
8881 7401 6 Quad 2 input N~ND

Total 64 integrated circuit chips

_ _
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CMU — PDP—8 Chip Count

The following chip count was taken from the part of the automated

design corresponding to the DEC PDP—8 M8300 “major resis tors .” The chips

we allocated by hand us ing a “worst case” allocation. For example, if

the allocator specified a 7 to 1. 13 bit MUX , one was provided , even if

the MTJX could be decomposed into a simpler struc ture .

Par t of Path Graph
Part # (TI TTh Eguiv.) Quantity Implemented

74 151 13 MIJX 7 x <13>
8271 74194 3 AC<0:11>
7474 (½) 1 L<O> , TREG3 <0>
7402 3 < 1 >7404 2 R
74153 7 MUX 3x <13>
8271 74194 3 TREG3 <1:12>
8271 74194 3 LAST.P<0:11>
7483 3

INCR< 13>

EQL<12>
7483 4 ADD<14>

AND< 12>
74153 6 MUX 4 x <12>
8271 7419’~ 3 TREG1 <0:11>
74153 6 MTJX 3 x <12>
8271 74194 3 PC<0:11>
74153 6 MUX 3 x <12>
827 1 74194 3 TR,EG2 <0:11>
7483 3 INCR<13>
8271 74194 3 EADD<0:11>
7415 3 6 MUX 3 x <12>

Total 94 integrated circuit chips

L ___ _ _ _
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cMU PDP—8 Design

The next 4 pages contain the automated PDP—8 design.

All connections contain the number and position of bits specified.

Output wires not attached are used by the control to test for certain
conditions -

Som e : i~~~~ : connections not specified (and operator input connections)
are padded with zeros; a few are padded with ones or not used. Details
are found in the actual allocator output files.

- ~~~~~~~— —------- .-
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